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ABSTRACT
The p u r p o s e  o f  t h i s  s t u d y  was t o  compare  t h e  e f f e c t i v e n e s s  
o f  I s o m e t r i c  and  I s o t o n i c  m e thods  o f  e x e r c i s e ,  when p e r f o r m e d  a t  
d i f f e r e n t  f r e q u e n c i e s  p e r  week, in  t h e  Improvement o f  m u s c l e  
s t r e n g t h  p e r f o r m a n c e .
S i x  e x p e r i m e n t a l  g r o u p s  c o n s i s t i n g  o f  f i f t e e n  s u b j e c t s  e ac h  
w e re  u s ed  in  t h i s  s t u d y .  T h r e e  e x p e r i m e n t a l  g r o u p s  u s e d  i s o m e t r i c  
e x e r c i s e s  and t h r e e  e x p e r i m e n t a l  g r o u p s  u sed  i s o t o n i c  e x e r c i s e s .
One e x p e r i m e n t a l  g ro u p  from e a c h  method g ro u p  e x e r c i s e d  f i v e  days  
a week; a n o t h e r  two g r o u p s  e x e r c i s e d  t h r e e  days  a  week; and a t h i r d  
s e t  o f  two g r o u p s  e x e r c i s e d  two days  a  week.
N i n e t y  male  s t u d e n t s  e n r o l l e d  in  p h y s i c a l  e d u c a t i o n  a c t i v i t y  
c l a s s e s  a t  L o u i s i a n a  S t a t e  U n i v e r s i t y  w e re  u sed  a s  s u b j e c t s .
The i s o m e t r i c  t r a i n i n g  p rogram  o f  t h e  t h r e e  i s o m e t r i c  g r o u p s  
c o n s i s t e d  o f  one maximum s t a t i c  c o n t r a c t i o n ,  h e l d  f o r  s i x  s ec o n d s  
on t h e  t e s t i n g  a p p a r a t u s .  in a d d i t i o n  t o  t h e  i s o m e t r i c  t r a i n i n g  
p ro g r a m ,  t h e  i s o m e t r i c  g r o u p s  p a r t i c i p a t e d  in  t h e i r  r e g u l a r  p h y s i c a l  
e d u c a t i o n  a c t i v i t y  c l a s s e s .
The e x p e r i m e n t a l  e x e r c i s e  s e l e c t e d  f o r  t h e  t h r e e  i s o t o n i c  
g r o u p s  was f u l 1 - k n e e  b en d s  w i t h  a  p l a t e - l o a d e d  b a r b e l l  r e s t i n g  
a c r o s s  t h e  s h o u l d e r s .  A r e s i s t a n c e  was s e l e c t e d  f o r  t h i s  e x e r c i s e  
t h a t  would  p e r m i t  a  maximum o f  f i v e  e x e c u t i o n s .  T h r e e  s e t s  o f  
e x e r c i s e  b o u t s  were  u s e d ,  w i t h  a t h r e e - m i n u t e  r e s t  p e r i o d  b e tw een
vi i
s e t s .  In a d d i t i o n  to  the  w e ig h t  t r a i n i n g  e x e r c i s e s ,  t h e  I s o t o n i c  
g roups  pe r fo rm ed  th e  same i s o m e t r i c  e x e r c i s e s  as  d i d  t h e  i s o m e t r i c  
g r o u p s .  The s u b j e c t s  were  t e s t e d  f o r  maximum s t r e n g t h  a t  each  
t r a i n i n g  s e s s i o n .
The d i f f e r e n c e  be tween t h e  i n i t i a l  and f i n a l  s t r e n g t h  t e s t s  
was used t o  d e te r m in e  t h e  e f f e c t s  o f  t h e  s i x  t r a i n i n g  p rog ram s .
W i th in  t h e  l i m i t a t i o n s  o f  t h i s  s t u d y ,  t h e  f o l l o w i n g  f i n d i n g s  
were  r e p o r t e d :
1. S i g n i f i c a n t  improvements In musc le  s t r e n g t h  pe r fo rm ance
may be a c h i e v e d  th rough  t h e  use  o f  i s o m e t r i c  methods o f  
e x e r c i s e .
2 .  The a d d i t i o n  o f  i s o t o n i c  e x e r c i s e s  to  a "one maximum
i s o m e t r i c  c o n t r a c t i o n "  e x e r c i s e  program does n o t  
s i g n i f i c a n t l y  a f f e c t  the  amount o f  s t r e n g t h  improvement 
o b t a i n e d  th ro u g h  th e  use  o f  i s o m e t r i c  e x e r c i s e s  a l o n e .
3.  T he re  i s  no s i g n i f i c a n t  d i f f e r e n c e  in  t h e  amount o f
s t r e n g t h  a c q u i r e d  th ro u g h  e x e r c i s e s  pe r fo rm ed  f i v e  days 
a  week and t h e  amount o f  s t r e n g t h  a c q u i r e d  th ro u g h  
e x e r c i s e s  pe r fo rm ed  t h r e e  days  a week.
k .  The amount o f  s t r e n g t h  a c q u i r e d  th ro u g h  e x e r c i s e s  pe r fo rm ed  
f i v e  days a  week and t h r e e  days  a week i s  s i g n i f i c a n t l y  
g r e a t e r  th a n  t h e  amount o f  s t r e n g t h  a c q u i r e d  th ro u g h  
e x e r c i s e s  pe r fo rm ed  two days a week.
v l f l
CHAPTER I
STATEMENT OF THE PROBLEM
I.  INTRODUCTION
In 1953> H e t t i n g e r  and M u l l e r  p u b l i s h e d  a p i o n e e r  s tu d y  o f
th e  e f f e c t s  o f  I s o m e t r i c  c o n t r a c t i o n s  on s t r e n g t h  p e r fo rm an c e .  They
r e p o r t e d  t h a t  one d a i l y  e x e r c i s e  b o u t  in  which th e  s u b j e c t  m a i n t a i n e d
f o r  s i x  s ec o n d s ,  t w o - t h i r d s  maximal t e n s i o n  was as e f f e c t i v e  in
b u i l d i n g  s t r e n g t h  as l o n g e r  and  more f r e q u e n t  p e r i o d s  o f  s t a t i c  
1e x e r c i s e .
H e t t i n g e r  and M u l l e r  d id  a l l  o f  t h e i r  work w i th  i s o m e t r i c  
c o n t r a c t i o n s .  A f t e r  t h e  p u b l i c a t i o n  o f  t h e i r  work,  s e v e r a l  i n v e s t i ­
g a t o r s  have  a t t e m p t e d  t o  compare t h e  e f f e c t i v e n e s s  o f  i s o m e t r i c  methods 
w i th  I s o t o n i c  methods In t h e  improvement o f  m usc le  s t r e n g t h  p e r f o r m a n c e .  
As r e p o r t e d  in  C h ap te r  II o f  t h i s  r e p o r t ,  t h e s e  i n v e s t i g a t i o n s  showed 
c o n t r a d i c t o r y  e v i d e n c e  as  t o  t h e  e f f e c t i v e n e s s  o f  t h e s e  two m e thods .
In l i g h t  o f  t h e s e  c o n t r a d i c t o r y  f i n d i n g s ,  t h e r e  seems t o  be a g r e a t  
need f o r  f u r t h e r  s t u d y  In t h i s  a r e a .
*Th. H e t t i n g e r  and E. A. M u l l e r ,  " M u sk e l le i  s tu n g  und M uskel-  
t r a i n i n g , 11 A r b e l t s p h y s i o l o g l e , 15 :1 1 1 -2 6 ,  1953. As found in  A r t h u r  H. 
S t e i n h a u s ,  " S t r e n g t h  from Morpurgo to  Mulle t— A H a l f  C en tu ry  o f  
R e s e a r c h , "  The Jo u rn a l  o f  t h e  A s s o c i a t i o n  f o r  P h y s i c a l  and Mental 
Rehabi i i t a t l o n , l 4 7 “50, S e p te m b e r - O c to b e r , 1955.
1
2
2As shown i n  C h a p t e r  11,  o n l y  one  s t u d y  h a s  b e en  p u b l i s h e d  in  
t h e  r e s e a r c h  l i t e r a t u r e  w h ic h  h a s  a t t e m p t e d  t o  com pare  t h e  e f f e c t i v e ­
n e s s  o f  i s o m e t r i c  and  i s o t o n i c  e x e r c i s e  when p e r f o r m e d  a t  d i f f e r e n t  
f r e q u e n c i e s  p e r  w eek .  The r e s u l t s  o f  t h i s  s t u d y ,  a s  r e p o r t e d  by t h e  
a u t h o r s ,  w e re  i n c o n c l u s i v e .
I I .  PURPOSE OF THE STUDY
The p u r p o s e  o f  t h i s  s t u d y  was t o  com pare  t h e  e f f e c t i v e n e s s  o f  
i s o m e t r i c  and  i s o t o n i c  m e thods  o f  e x e r c i s e ,  when p e r f o r m e d  a t  
f r e q u e n c i e s  o f  f i v e ,  t h r e e ,  and two days  p e r  week,  In  t h e  im provem ent  
o f  m u s c l e  s t r e n g t h  p e r f o r m a n c e .
i l l .  DEFINITION OF TERMS
The f o l l o w i n g  d i f f e r e n t i a t i o n  o f  i s o m e t r i c  and  i s o t o n i c  t y p e  
c o n t r a c t i o n s  i s  t h a t  g i v e n  by M oreh o u se  and  M i l l e r . ^
i f  a  l i g h t  w e i g h t  i s  s u s p e n d e d  f rom  a m u s c l e ,  t h e  w e i g h t  
w i l l  be  l i f t e d  when t h e  m u s c l e  s h o r t e n s .  T h i s  t y p e  o f  c o n t r a c t i o n  
i s  c a l l e d  i s o t o n i c .  I f ,  h o w e v e r ,  a  w e i g h t  t o o  h e a v y  f o r  t h e  
m u s c l e  Ito l i f t  Is  a t t a c h e d ,  s t i m u l a t i o n  o f  t h e  m u s c l e  w i l l  r e s u l t  
In t h e  d e v e lo p m e n t  o f  t e n s i o n  w i t h o u t  s h o r t e n i n g .  T h i s  I s  an 
I s o m e t r i c  c o n t r a c t i o n .  M u s c u l a r  e f f o r t  w h ic h  does  n o t  r e s u l t  in  
movement i s  i s o m e t r i c ;  t h a t  w h ic h  r e s u l t s  i n  movement i s  I s o t o n i c .  
I s o t o n i c  c o n t r a c t i o n s  i n v o l v e  t h e  a p p l i c a t i o n  o f  a  f o r c e  t h r o u g h  
a d i s t a n c e  and  r e s u l t  in  t h e  p e r f o r m a n c e  o f  w ork  (work = 
f o r c e  X d i s t a n c e ) .  No work  i s  done  in  I s o m e t r i c  c o n t r a c t i o n s  
( d i s t a n c e  = z e r o ) ,  and  a l l  t h e  e n e r g y  o f  t h e  c o n t r a c t i o n  i s  
e v e n t u a l l y  c o n v e r t e d  i n t o  h e a t .
2
D o n a ld  K* Mathews and R o b e r t  K r u s e ,  “E f f e c t s  o f  I s o m e t r i c  
and  i s o t o n i c  E x e r c i s e s  on Elbow F l e x o r  M usc le  G r o u p s , "  R e s e a r c h  
f t u a r t e r l y , 2 8 : 2 6 ,  March, 1957 .
^ L a u r e n c e  E .  M orehouse  and  A u g u s t u s  T.  M i l l e r ,  P h y s i o l o g y  o f  
E x e r c i s e .  S t .  L o u i s :  The C. V. Mosby Company, 1959- P- 27 .
CHAPTER II
REVIEW OF LITERATURE
The s t u d i e s  r e l a t e d  t o  t h e  e f f e c t s  o f  i s o m e t r i c  e x e r c i s e s  on 
t h e  deve lopm ent  o f  s t r e n g t h ,  r e v e a l e d  in  t h e  l i t e r a t u r e ,  may be  a r b r  
t r a r i l y  d i v i d e d  i n t o  t h r e e  g ro u p s  which a r e  c l o s e l y  r e l a t e d  t o  t h e  
p rob lem .  These  t h r e e  g ro u p s  a r e :  (1) t h e  H e t t i n g e r  and M u l l e r  
e x p e r i m e n t s ,  (2) o t h e r  s t u d i e s  c o n c e r n i n g  t h e  e f f e c t i v e n e s s  o f  
i s o m e t r i c  e x e r c i s e s ,  and (3) s t u d i e s  com par ing  I s o m e t r i c  e x e r c i s e s  
w i th  i s o t o n i c  e x e r c i s e s .
I .  THE HETTINGER AND MULLER EXPERIMENTS
The H e t t i n g e r  and M u l l e r  e x p e r i m e n t s  were  c o n d u c te d  in  Germany 
and were  p u b l i s h e d  in  German p u b l i c a t i o n s . *  S t e i n h a u s  has  t r a n s l a t e d  
t h e s e  s t u d i e s  i n t o  E n g l i s h  and  has  summarized them a s  f o l l o w s :
H e t t i n g e r  and M u l l e r  p e r fo rm e d  s e v e n t y - o n e  s e p a r a t e  e x p e r i ­
ments  on 9 male  s u b j e c t s  o v e r  a p e r i o d  o f  18 m o n th s .  These 
e x p e r i m e n t s  p r o v i d e d  d a t a  on how t h e  d e ve lopm en t  o f  s t r e n g t h .
In m usc le  was r e l a t e d  t o  t h e  i n t e n s i t y  and f r e q u e n c y  o f  t r a i n i n g  
a c t i v i t i e s .
A l l  t r a i n i n g  was tn  t h e  form o f  s t a t i c  c o n t r a c t i o n  h e l d  f o r  
a measured  l e n g t h  o f  t im e  a g a i n s t  a s p r i n g  s c a l e  and most o f  
t h e  o b s e r v a t i o n s  were  made on t h e  f l e x o r s  and  e x t e n s o r s  o f  t h e  
fo r e a rm  h e l d  h o r i z o n t a l  a t  r i g h t  a n g l e s  t o  t h e  u p p e r  arm. On 
S a t u r d a y s  maximal s t r e n g t h  was r e c o r d e d .  Sunday was a  day o f  
r e s t .  Mondays th r o u g h  F r i d a y s  were  s p e n t  in  t r a i n i n g  s e s s i o n s
*Th. H e t t i n g e r  and M u l l e r ,  J o e .  c l t .
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In which th e  i n t e n s i t y  o f  c o n t r a c t i o n ,  the  amount o f  t ime h e ld ,  
and th e  number o f  p r a c t i c e s  p e r  day were v a r i e d . 2
Accord ing t o  S t e f n h a u s ,  t h e  H e t t i n g e r  and M u l le r  s tudy  
r e v e a l e d  the  fo l lo w in g  f i n d i n g s :
1. Muscle s t r e n g t h  i n c r e a s e s  an av e rag e  o f  5% p e r  week when
th e  t r a i n i n g  load i s  as  l i t t l e  as 1 /3 ,  o r  even l e s s ,  o f  maximal
s t r e n g t h .
2 .  Muscle s t r e n g t h  i n c r e a s e s  more r a p i d l y  w i th  in c r e a s in g  
i n t e n s i t y  o f  t r a i n i n g  load up t o  abou t  2 /3  o f  maximal s t r e n g t h .
Beyond t h i s ,  i n c r e a s e  in t r a i n i n g  load  has no f u r t h e r  e f f e c t .
3 .  One p r a c t i c e  p e r io d  p e r  day in which th e  t e n s i o n  was 
h e ld  f o r  s i x  seconds  r e s u l t e d  in  a s  much i n c r e a s e  in  s t r e n g t h  
a s  lo n g e r  p e r i o d s  (up t o  7 p e r  d a y ) .
4 .  The cau se  o f  t h e  i n c r e a s e  in s t r e n g t h  ( t r a i n i n g  s t i m u l u s )  
they  b e l i e v e  Is n e i t h e r  th e  i n t e n s i t y  o f  c o n t r a c t i o n  nor the  
d e g re e  o f  e x h a u s t i o n  o f  a m usc le  f i b e r ,  b u t  r a t h e r  a c o n d i t i o n  
in which th e  oxygen supp ly  t o  a muscle  f i b e r  c e a s e s  t o  be enough 
f o r  I t s  n e e d s .  A f u r t h e r  oxygen d e f i c i t  i s  n o t  a s t r o n g e r  o r  
more e f f e c t i v e  s t i m u l u s .  Thus,  they  p o s t u l a t e  an " a l l  o r  none" 
c h a r a c t e r i s t i c  o f  th e  " t r a i n i n g  s t i m u l u s "  o r  s t im u lu s  to  
h y p e r t r o p h y .  The o b s e r v a t i o n  t h a t  s t r e n g t h  grows more r a p i d l y  
as the  t r a i n i n g  load  i n c r e a s e s  from abou t  1/3 t o  2 /3  maximal 
s t r e n g t h  i s  t o  them on ly  an a p p a r e n t  c o n t r a d i c t i o n .  They b e l i e v e  
t h a t  due t o  the  i n t e r n a l  a r ran g em en t  o f  f i b e r s  w i t h i n  a muscle  
n o t  a l l  f i b e r s  a r e  e q u a l l y  t a x e d  so t h a t  n o t  u n t i l  th e  t r a i n i n g  
load  i s  ab o u t  2 /3  maximum a r e  a l l  f i b e r s  s u f f e r i n g  some oxygen 
d e f i c i t .
5 .  From measurements  of  b i c e p s  d ia m e te r s  in maximal c o n t r a c ­
t i o n  they  c a l c u l a t e  a maximal c o n t r a c t i o n  s t r e n g t h  o f  6 . 6  kg/cm^ 
(abou t  95 pounds p e r  s q u a re  i n c h )  o f  muscle  c r o s s  s e c t i o n .
They found t h a t  th e  c a l c u l a t e d  muscle  c r o s s  s e c t i o n  in c r e a s e d  in 
a cco rd  w i th  t h i s  f a c t o r  as s t r e n g t h  i n c r e a s e d .  Thus,  they  
co n c lu d e  t h a t  th e  e f f e c t i v e  t r a i n i n g  s t i m u l u s  e x te n d s  from 
somewhere below 2 Kgs to  somewhere under  4  Kgs p e r  s q u a re  cm. 
o f  c r o s s  s e c t i o n .
6 .  They found a  c o r r e l a t i o n  o f  + .7 7  + 0 .0 9  between (a) maximal
2
A r t h u r  H. S t e l n h a u s ,  "Some S e l e c t e d  F ac t s  From P h ys io logy  to  
I l l u s t r a t e  S c i e n t i f i c  P r i n c i p l e s  in  A t h l e t i c  T r a i n i n g , "  57 th  Annual 
P r o c e e d in g s ,  The C o l le q e  P h y s ica l  E d u c a t io n  A s s o c i a t i o n .  (New York: 
1 95M, pp 8-T67  ------- ----------------------------------------------------------
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i n c r e a s e  in  s t r e n g t h  due t o  t r a i n i n g  and (b) t h e  speed o f  t h i s  
improvement, when 20 d i f f e r e n t  muscle  groups  were compared.
F in g e r  muscles  i n c r e a s e d  maximally  33% and showed an i n c r e a s e  o f  
3.2% per week. For h i p  f l e x o r s  th e  c o r r e sp o n d i n g  f i g u r e s  were 
(a) 177% and (b) 22.1%.
7 .  When t e n s i o n  p e r  s q u a r e  cm. o f  c r o s s  s e c t i o n  i s  h e ld  
c o n s t a n t ,  endurance  (ho ld ing  t ime) i s  unchanged w i th  i n c r e a s e  
i n  t o t a l  s t r e n g t h .  This  Is  a t t r i b u t e d  to  improvement in 
c a p ! 11a r i z a t i o n  p a r a l l e l i n g  h y p e r t r o p h y .
8 .  The r a t e  o f  I n c r e a s e  in s t r e n g t h  sometimes v a r i e d  c o n s i d e r ­
a b ly  in the  same pe rson  when two com parab le  t r a i n i n g  p e r i o d s ,  
s e p a r a t e d  by a  long r e s t  p e r i o d ,  were  compared.
9.  There  i s  a c e i l i n g  on th e  development o f  s t r e n g t h  in  every  
m usc le .  This  i s  u s u a l l y  accompanied by pa in  r e s u l t i n g  from 
some i n j u r y  w i t h i n  t h e  m usc le  t h a t  s t o p s  f u r t h e r  i n c r e a s e  in 
e f f o r t .
10.  They p o s t u l a t e  t h a t  the  maximal s t r e n g t h  o f  any m uscle  in 
the  body i s  p ro b a b ly  ab o u t  3 t imes t h e  t e n s i o n  demanded o f  i t  in 
everyday  a c t i v i t i e s . - '
I I .  OTHER STUDIES CONCERNING THE EFFECTIVENESS 
OF ISOMETRIC EXERCISES
The f i n d i n g s  o f  n in e  s t u d i e s  on th e  e f f e c t i v e n e s s  o f  i s o m e t r i c  
e x e r c i s e s  in the  development o f  muscle s t r e n g t h  a r e  summarized in 
t h i s  s e c t i o n .
E l b e ! .  Grunberg ,  Labree  and Hughes S t u d i e s . Accord ing t o  
Lorback the  e f f e c t s  o f  1s o m e t r i c ' c o n t r a c t ! o n s  were be ing  s t u d i e d  as 
e a r l y  as  1928. He r e p o r t s  a s e r i e s  o f  s t u d i e s  were conducted  a t
3 l b i d .
^Melvin  M. Lorback ,  "A Study Comparing th e  E f f e c t i v e n e s s  o f  
S h o r t  P e r io d s  o f  S t a t i c  C o n t r a c t i o n  t o  S t a n d a r d  Weight T r a in i n g  
P ro ced u re s  In the  Development o f  S t r e n g t h  and Muscle G i r t h , "  (micro­
c a rded  M a s t e r ' s  t h e s i s ,  The P e n n s y lv a n ia  S t a t e  U n i v e r s i t y ,  U n i v e r s i t y  
Pa rk ,  1955) ,  p .  15.
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S p r i n g f i e l d  C o l l e g e  by E lbe l  (1 9 2 8 ) ,^  Grunberg  (1 9 2 9 ) ,^  L abree  (1 930) ,  ^
g
and Hughes (1930) on t h e  e f f e c t s  o f  s h o r t - s t a t i c  c o n t r a c t i o n s .  These 
i n v e s t i g a t o r s  end eav o red  t o  f i n d  o u t  I f  s h o r t - s t a t i c  c o n t r a c t i o n  
e x e r c i s e s  would Improve t h e  s t r e n g t h  o f  c e r t a i n  m usc le  g roups  and 
I f  m usc le s  so s t r e n g t h e n e d  would have a b e n e f i c i a l  e f f e c t  on some o f  
t h e  common p o s t u r a l  d e f e c t s .  The s h o r t - s t a t i c  c o n t r a c t i o n  c o n s i s t e d  
o f  l i f t i n g  and h o ld in g  a w e ig h t  f o r  a s h o r t  p e r i o d  o f  t im e .
Lorback  s t a t e s  t h a t  " i n  g e n e r a l  th e  o b j e c t i v e s  o f  t h e s e  s t u d i e s  
were  c l o s e l y  r e l a t e d .  Each s u c c e e d in g  s t u d y  in t h e  s e r i e s  was b a s i c a l l y  
a r e f i n e m e n t  o f  th e  methods and t e c h n i q u e s  u sed  in t h e  p r e v i o u s  s t u d y .  
The f i n d i n g s  o f  th e  s t u d i e s  i n d i c a t e d  t h a t  i t  i s  p o s s i b l e  t o  I n c r e a s e  -
g
s t r e n g t h  by e x e r c i s e  which employs s h o r t - s t a t i c  c o n t r a c t i o n  e x e r c i s e s . "  
M olbers  and S i l l s  S t u d y . Th is  s t u d y  by Wolbers  and S i l l s ^  was
Edwin R. E l b e l ,  "A S tudy in  S h o r t  S t a t i c  S t r e n g t h  o f  M u s c l e s , "  
( u n p u b l i sh e d  M a s t e r ' s  t h e s i s ,  I n t e r n a t i o n a l  Y.M.C.A. C o l l e g e ,  
S p r i n g f i e l d ,  M a s s a c h u s e t t s ,  J u l y ,  1928) ,  64  pp .
g
A r th u r  A. G ru n b e rg ,  " S h o r t  S t a t i c  C o n t r a c t i o n  as an Aid in 
C o r r e c t i v e  G y m n a s t i c s , "  (unpublI  shed  M a s t e r ' s  t h e s i s ,  I n t e r n a t i o n a l  
Y.M.C.A. C o l l e g e ,  S p r i n g f i e l d ,  M a s s a c h u s e t t s ,  June ,  1929) ,  136 pp .
^Lawrence W. L a b r e e ,  "A Study o f  S h o r t  S t a t i c  C o n t r a c t i o n s  as  
an Aid in  t h e  Depar tment  o f  C o r r e c t i v e  and Remedial  Gymnastics  in 
U n i v e r s i t i e s  and  C o l l e g e s , "  (u n p u b l i s h e d  M a s t e r ' s  t h e s i s ,  I n t e r n a t i o n a l  
Y.M.C.A. C o l l e g e ,  S p r i n g f i e l d ,  M a s s a c h u s e t t s , J u l y ,  1930) ,  107 pp .
O
R o b e r t  P.  Hughes,  "A S tudy  in  S h o r t  S t a t i c  S t r e n g t h  o f  Muscles  
In  R e l a t i o n  t o  P o s t u r e  o f  School B o y s , "  (u n p u b l i s h e d  M a s t e r ' s  t h e s i s ,  
i n t e r n a t i o n a l  Y.M.C.A. C o l l e g e ,  S p r i n g f t e l d ,  M a s s a c h u s e t t s ,  J u l y ,
1930) ,  110 pp .
9Lorback, l o c . c i t .
^ C h a r l e s  P.  Wolbers  and Frank  D. S i l l s ,  "Development o f  S t r e n g t h  
in  High School Boys by S t a t i c  Muscle  C o n t r a c t i o n s , "  R es e a r c h  Q u a r t e r l y , 
2 7 :4 4 6 ,  December,  1956.
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d e s ig n e d  t o  d e te r m in e  w h e th e r  s t a t i c  musc le  c o n t r a c t i o n s  would 
r e s u l t  In s i g n i f i c a n t  changes  In s t r e n g t h .
The sample  f o r  t h i s  s t u d y  c o n s i s t e d  o f  tw enty  boys from t h e  
e l e v e n t h  and t w e l f t h  g r a d e s  o f  t h e  U n i v e r s i t y  High School in 
Iowa C i t y .  The s u b j e c t s  were  d i v i d e d  a t  random i n t o  two g r o u p s :
(1) t e n  In t h e  e x p e r im e n ta l  g ro u p ,  and (2) t e n  in  t h e  c o n t r o l  g ro u p .
At t h e  b e g in n in g  o f  t h e  e x p e r im e n t ,  t h e  two g roups  were g iv e n  
a b a t t e r y  o f  s t r e n g t h  t e s t s  In c lu d in g  th e  l e g  l i f t ,  back  l i f t ,  l e f t  
g r i p ,  r i g h t  g r i p ,  and th e  S a r g e n t  Jump.
The e x p e r im e n t a l  g roup  went t h ro u g h  an e i g h t - w e e k  t r a i n i n g  
p e r i o d  t o  i n c r e a s e  t h e i r  s t r e n g t h  by p r a c t i c i n g  a s e r i e s  o f  e x e r c i s e s  
t h a t  r e q u i r e d  s t a t i c  c o n t r a c t i o n s  o f  t h e  m usc les  in v o lv e d .  The 
s u b j e c t s  met d a i l y  ( a t  t h e  same t im e  each  day, f i v e  days a week) 
f o r  th e  t r a i n i n g  s e s s i o n s .
The a u t h o r s  t r i e d  t o  s e l e c t  e x e r c i s e s  t h a t  would deve lop  the  
m usc les  measured by th e  s t r e n g t h  t e s t s .  Nfne e x e r c i s e s  were s e l e c t e d  
and p i c t u r e s  showing s u b j e c t s  p e r fo rm in g  seven  o f  t h e s e  e x e r c i s e s  a r e  
in c lu d e d  in  th e  t e x t . ^  In p e r fo rm in g  an e x e r c i s e ,  t h e  muscle  was 
h e l d  in  s t a t i c  c o n t r a c t i o n  f o r  a  p e r i o d  o f  s i x  seconds  once  a d a y .
The r e s i s t a n c e  f o r  t h e  e x e r c i s e  was o f f e r e d  by a p a r t n e r  who r e s i s t e d  
t h e  movement o f  t h e  s u b j e c t .  The s u b j e c t s  worked in p a i r s — B supp ly ­
ing t h e  r e s i s t a n c e  f o r  A, then  th e y  r e v e r s e d  r o l e s .
The e x p e r im e n t a l  g ro u p  showed g r e a t e r  g a i n s  in a l l  th e  i tem s  
(e x c e p t  t h e  S a r g e n t  Jump) than  d i d  th e  c o n t r o l  g ro u p .  The d i f f e r e n c e s
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between t h e  mean g a i n s  o f  t h e  e x p e r im e n t a l  g roup  and th e  c o n t r o l  g roup  
on th e  back l i f t  and leg  l i f t  were  s t a t i s t i c a l l y  s i g n i f i c a n t  a t  t h e  
one p e r  c e n t  l e v e l ;  combined hand g r i p s  were  s i g n i f i c a n t  a t  t h e  
f i v e  p e r  c e n t  l e v e l .
As a  r e s u l t  o f  t h e s e  f i n d i n g s  t h e  a u t h o r s  c o n c lu d e d  t h a t :
. . . f o r  t h e  m usc le  g ro u p s  t e s t e d  In t h i s  e x p e r im e n t ,  s t a t i c  
muscle  c o n t r a c t i o n s  o f  s i x  s e c o n d s '  d u r a t i o n  w i l l  c a u s e  s i g n i f i ­
c a n t  g a i n s  In s t r e n g t h .  The I n c r e a s e s  In leg  s t r e n g t h s  made by 
th e  members o f  t h e  e x p e r im e n t  g roup  were  no t  p r o p o r t i o n a t e l y  
g r e a t  enough t o  p ro d u ce  a s t a t i s t i c a l l y  s i g n i f i c a n t  g a i n  In th e  
S a r g e n t  J u m p j ^
R a r l c k  and L arsen  S t u d y . The p u rp o se  o f  th e  R a r l c k  and 
13Larsen  s tu d y  was t o  compare t h e  r e l a t i v e  e f f e c t i v e n e s s  o f  s i n g l e  
d a i l y  i s o m e t r i c  e x e r c i s e  b o u t s  m a i n t a i n e d  a t  t w o - t h i r d s  maximum 
t e n s i o n  w i th  a program o f  s t a t i c  e x e r c i s e  in  which th e  f r e q u e n c y  o f  
th e  s i x - s e c o n d  b o u t s  was p r o g r e s s i v e l y  I n c r e a s e d  w i th  t e n s i o n  l e v e l s  
a t  e i g h t y  p e r  c e n t  o f  maximum s t a t i c  s t r e n g t h .
In t h i s  s t u d y ,  t h i r t y  p o s t - p u b e s c e n t  e l e v e n t h  and t w e l f t h  
g r a d e  h ig h  school  boys were  u sed  as  s u b j e c t s .  The s u b j e c t s  were 
d i v i d e d  I n t o  two e x p e r im e n ta l  g ro u p s  and one c o n t r o l  g r o u p .  The 
c o n t r o l  g roup d id  n o t  engage  in t h e  s p e c i a l i z e d  t r a i n i n g  program. 
Exper im en ta l  Group I f o l l o w e d  t h e  p r o c e d u r e s  u sed  by H e t t i n g e r  and 
M u l le r  In which t w o - t h i r d s  maximum t e n s i o n  was h e ld  by eac h  s u b j e c t
12 | b j d . . p .  if50,
1 3̂Lawrence G. R a r l c k  and Gene L. l a r s e n ,  " O b s e r v a t io n s  on 
Frequency and I n t e n s i t y  o f  I s o m e t r i c  M uscu la r  E f f o r t  In D evelop ing  
S t a t i c  M uscu lar  S t r e n g t h  In P o s t - P u b e s c e n t  M a l e s , "  R es e a r ch  Q u a r t e r I v , 
29 :333 ,  O c to b e r ,  1958.
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f o r  on ly  s i x  seconds  once  each  day ,  Mondays th ro u g h  T h u r sd a y s .  
E x p e r im en ta l  Group II h e l d  e i g h t y  p e r  c e n t  o f  maximum t e n s i o n  f o r  
f i v e  p e r i o d s  o f  s i x  s eco n d s  each  on Mondays i n c r e a s i n g  t h e  number 
o f  e x e r c i s e  b ou ts  once  each  day w i t h  a maximum o f  e i g h t  on Thursday .
A t e n - s e c o n d  r e s t  p e r i o d  was g i v e n  fo l l o w i n g  each e x e r c i s e  b o u t .
F r id a y s  were devo ted  t o  t e s t i n g  t o  d e te rm in e  th e  t e n s i o n  l e v e l s  which 
t h e  e x p e r im e n ta l  g ro u p s  were t o  employ the  fo l l o w i n g  week.
The t h r e e  g ro u p s  were e q u a t e d  on th e  b a s i s  o f  t h e  i n i t i a l  
s t r e n g t h  s c o r e s  s e c u r e d  on th e  F r i d a y  p r i o r  t o  i n i t i a t i n g  the  e x p e r i ­
mental  p r o c e d u r e s .  The b e s t  o f  t h r e e  t r i a l s  was ta k en  a s  each 
s u b j e c t ' s  s t r e n g t h  s c o r e  and  was used  as  th e  b a s i s  f o r  m atch ing  
s u b j e c t s  I n t o  t h r e e  e q u a t e d  g ro u p s .
Each e x p e r im e n t a l  g roup  was g i v e n  a  fou r -w eek  t r a i n i n g  program 
r e s t r i c t e d  t o  I s o m e t r i c  e x e r c i s e  o f  t h e  w r i s t ,  t h e  programs d i f f e r i n g  
o n ly  In r e g a r d  t o  t h e  f r e q u e n c y  o f  t h e  e x e r c i s e  b ou ts  and th e  l e v e l s  
o f  s t a t i c  m u scu la r  t e n s i o n  employed.
The program o f  e x e r c i s e  and  a l l  t e s t s  were  c o n f i n e d  to  
f l e x i o n  o f  t h e  r i g h t  w r i s t .  All  ^ s u b j e c t s  In t h e  e x p e r im e n ta l  g roups  
were  g iv e n  t e s t s  o f  w r i s t  f l e x i o n  s t r e n g t h  a t  t h e  end o f  t h e  s econd ,  
f o u r t h ,  and e i g h t h  week.
W i t h in - g r o u p  and be tw een -g ro u p  com par isons  o f  s t r e n g t h  s c o r e s  
were  made a t  t h e  c o n c l u s i o n  o f  t h e  fo u r -w eek  p e r i o d  o f  t r a i n i n g  and 
a g a i n  f o u r  weeks a f t e r  t h e  t e r m i n a t i o n  o f  t h e  e x e r c i s e  program.
The fo l l o w i n g  summarizes t h e  f i n d i n g s  o f  t h e  i n v e s t i g a t i o n :
1.  In te rms o f  raw s c o r e  and p e r c e n t a g e  g a i n s  b o t h  e x p e r im e n t a l  
g roups  e l i c i t e d  g a i n s  d u r in g  t h e  e x p e r im e n t a l  p e r i o d .  However, 
th e  s t r e n g t h  i n c r e a s e  a c h i e v e d  by t h e  g roup  u t i l i z i n g  80 p e r  c e n t  
maximum t e n s i o n  w i t h  p r o g r e s s i v e l y  g r e a t e r  numbers o f  d a i l y  e x e r c i s e
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b o u t s  was s l i g h t l y  g r e a t e r  a t  t h e  end  o f  t h e  t r a i n i n g  p e r i o d  
a n d  t h e  d e c l i n e  l e s s  d u r i n g  t h e  p o s t  t r a i n i n g  p e r i o d  t h a n  f o r  
t h e  g ro u p  e m p lo y in g  t h e  d a l l y  s i x - s e c o n d  m e th o d .
2 .  The g a i n s  a c h i e v e d  by  t h e  two e x p e r i m e n t a l  g r o u p s  a t  t h e  
end  o f  t h e  t r a i n i n g  p e r i o d  w ere  s i g n i f i c a n t  b e y o n d  t h e  .01 
l e v e l .  Loss  In  s t r e n g t h  d u r i n g  t h e  f o u r  weeks p o s t  t r a i n i n g  
p e r i o d  was s i g n i f i c a n t  f o r  b o t h  g r o u p s  a t  o r  beyond t h e  .05 
l e v e l .
3 .  In c o m p a r in g  d i f f e r e n c e s  among g r o u p s ,  t h e  two e x p e r i m e n t a l  
g r o u p s  showed s i g n i f i c a n t l y  h i g h e r  s t r e n g t h  s c o r e s  t h a n  t h e  
c o n t r o l  g r o u p  a t  t h e  end  o f  t h e  foui—week t r a i n i n g  p e r i o d
(P= .01 and  P = . 0 2 ) .  The  d i f f e r e n c e  b e tw e e n  t h e  s t r e n g t h  
s c o r e s  o f  t h e  two e x p e r i m e n t a l  g r o u p s  was n o t  s i g n i f i c a n t .
k .  D i f f e r e n c e s  among t h e  g r o u p s  f o u r  weeks  a f t e r  t e r m i n a t ­
ing  t h e  s p e c i a l  e x e r c i s e  p r o g r a m s  w e r e  l e s s  d r a m a t i c ,  a l t h o u g h  
t h e  s t r e n g t h  o f  t h e  g r o u p  u s i n g  80 p e r  c e n t  maximum t e n s i o n  
was  s t i l l  s i g n i f i c a n t l y  s u p e r i o r  t o  t h e  c o n t r o l  g r o u p  (P= . 0 2 ) .  
However,  t h e r e  was no  s i g n i f i c a n t  d i f f e r e n c e  b e tw ee n  t h e  g r o u p  
em p lo y in g  t w o - t h i r d s  maximum t e n s i o n  and  t h e  c o n t r o l  g r o u p .
The d i f f e r e n c e  b e tw ee n  t h e  two e x p e r i m e n t a l  g r o u p s  In  s t r e n g t h  
r e t e n t i o n ,  w h i l e  n o t  s i g n i f i c a n t  (P = . 3 0 ) ,  f a v o r e d  t h e  g ro u p  
em p lo y in g  t h e  h i g h e r  t e n s i o n  l e v e l  f o r  l o n g e r  p e r i o d s  o f  t i m e .
The f i n d i n g s  o f  t h i s  s t u d y  g e n e r a l l y  s u p p o r t e d  t h e  H e t t i n g e r -  
M u l l e r  h y p o t h e s i s  o f  s t a t i c  s t r e n g t h  d e v e l o p m e n t .  W h i l e  t h e  d a t a  
I n d i c a t e d  t h a t  t e n s i o n  l e v e l s  g r e a t e r  t h a n  t w o - t h i r d s  maximum 
w i t h  more f r e q u e n t  e x e r c i s e  b o u t s  w e r e  n o t  s u p e r i o r  t o  t h e  
s i n g l e  d a l l y  s i x - s e c o n d  b o u t  In  b u i l d i n g  I s o m e t r i c  s t r e n g t h ,  
t h e  fo r m e r  m e thod  t e n d e d  t o  b e  s l i g h t l y  more  e f f e c t i v e  i n  
t e r m s  o f  d e v e l o p i n g  q u a l i t i e s  o f  s t r e n g t h  r e t e n t i o n .  ^
T a y l o r  S t u d y . In a  s u r v e y  o f  c o m p l e t e d  r e s e a r c h  In  t h e  f i e l d
15o f  i s o m e t r i c  e x e r c i s e s ,  L o r b a c k  p o i n t e d  o u t  a  s t u d y  o f  t h e  e f f e c t ­
i v e n e s s  o f  f o u r  s t a t i c  c o n t r a c t i o n  t r a i n i n g  m e th o d s  f o r  I n c r e a s i n g
’ N b l d . ,  p p .  3 ^ 0 - 4 1 .
^ M e l v i n  M. L o r b a c k ,  "A S tu d y  Comparing  t h e  E f f e c t i v e n e s s  o f  
S h o r t  P e r i o d s  o f  S t a t i c  C o n t r a c t i o n  t o  S t a n d a r d  W eig h t  T r a i n i n g  
P r o c e d u r e s  i n  t h e  D e v e lo p m en t  o f  S t r e n g t h  and  M u s c le  G i r t h , "  
( m i c r o c a r d e d  M a s t e r ' s  t h e s i s ,  The P e n n s y l v a n i a  S t a t e  U n i v e r s i t y ,  
U n i v e r s i t y  P a r k ,  J u n e  1 9 5 5 ) ,  P -  I*K
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t h e  c o n t r a c t i l e  s t r e n g t h  o f  two body movements .  In t h i s  s t u d y  by
16T a y l o r  t h e  f o u r  methods  o f  t r a i n i n g  u s ed  w e re :  (1) maximum p u l l  
h e l d  f o r  t w e lv e  s e c o n d s ;  (2) maximum p u l l  h e l d  f o r  s i x  s e c o n d s ;
(3) t w o - t h i r d s  o f  p o s s i b l e  maximum p u l l  f o r  t w e l v e  s e c o n d s ;  and
(4) t w o - t h i r d s  o f  p o s s i b l e  maximum p u l l  h e l d  f o r  s i x  s e c o n d s .
D orsa l  f l e x i o n  o f  t h e  r i g h t  w r i s t  and o u t w a r d - r o t a t i o n  o f  
t h e  r i g h t  t h i g h  w e re  t h e  body movements  u s e d  in  t r a i n i n g .  He 
a l s o  u sed  a c o n t r o l  g r o u p  w hich  d i d  n o t  p a r t i c i p a t e  In  t h e  
t r a i n i n g .  He fo und  no  s i g n i f i c a n t  d i f f e r e n c e  in t h e  f o u r  
methods  f o r  p r o d u c in g  s t r e n g t h  in  t h e  m u s c l e s  I n v o l v e d  in
e i t h e r  o f  t h e  movements e x c e p t  t h a t  t w o - t h i r d s  maximum c o n t r a c ­
t i o n  f o r  s i x  sec o n d s  was s i g n i f i c a n t l y  b e t t e r  a t  t h e  f i v e  p e r  
c e n t  l e v e l  o f  c o n f i d e n c e  t h a n  t h e  same method h e l d  f o r  tw e lv e  
s e c o n d s  f o r  s t r e n g t h  p r o d u c t i o n  In  m u s c l e s  o f  t h e  r i g h t  t h i g h  
o u t w a r d - r o t a t i o n  movement.  T h e r e  was a h i g h e r  g r o u p  mean In  
s t r e n g t h  f o r  t h e  e x p e r i m e n t a l  g ro u p  th a n  f o r  t h e  c o n t r o l  g ro u p  
a t  t h e  c o n c l u s i o n  o f  t h e  t r a i n i n g  p e r i o d .  '
18Lyne S t u d y . The p u r p o s e  o f  L y n e ' s  s t u d y  was t o  d e t e r m i n e  
th e  f r e q u e n c y  o f  s t a t i c  c o n t r a c t i o n  e x e r c i s e  n e c e s s a r y  f o r  t h e  
m a i n t e n a n c e  o f  a new s t r e n g t h  l e v e l  a c h i e v e d  by a b r i e f  p e r i o d  o f  
t r a i n i n g .  More s p e c i f i c a l l y ,  t h e  s t u d y  compared  t h r e e  f r e q u e n c i e s  
f o r  e f f e c t i v e n e s s  in  m a i n t a i n i n g  a  new s t r e n g t h  l e v e l  a c q u i r e d  from 
e i g h t  weeks or / e i g h t  t r a i n i n g .  The t h r e e  f r e q u e n c i e s  w e r e :  (1) 
e x e r c i s e  once  w e e k ly ,  (2) e x e r c i s e  o nce  e v e r y  two w eeks ,  and  (3) 
e x e r c i s e  once  e v e r y  t h r e e  w e e k s .
16W il l  lam E. T a y l o r ,  “A S tu d y  Comparing  t h e  E f f e c t i v e n e s s  o f  
Four S t a t i c  C o n t r a c t i o n  T r a i n i n g  Methods  f o r  i n c r e a s i n g  t h e  C o n t r a c t i l e  
S t r e n g t h  o f  Two Body M o v em en ts ,"  ( u n p u b l i s h e d  M a s t e r ' s  t h e s i s ,  The 
P e n n s y l v a n i a  S t a t e  U n i v e r s i t y ,  S t a t e  C o l l e g e ,  P e n n s y l v a n i a ,  195*0, $6 PP*
^ L o r b a c k ,  I o c . c i  t .
18 James Lyne ,  "The F r eq u e n c y  o f  S t a t i c  C o n t r a c t i o n  E x e r c i s e  
N e c e s s a r y  f o r  S t r e n g t h  L e v e l  M a i n t e n a n c e , "  ( m l c r o c a r d e d  M a s t e r * s  t h e s i s ,  
The P e n n s y l v a n i a  S t a t e  U n i v e r s i t y ,  U n i v e r s i t y  P a r k ,  1 9 5 8 ) ,  p .  6 8 .
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The e x e r c i s e s  p e r f o r m e d  w e re  in  t h e  form o f  s t a t i c  c o n t r a c t i o n  
and i n v o l v e d  t h e  f l e x o r s  and e x t e n s o r s  o f  t h e  p r e f e r r e d  arm and  t h e  
e x t e n s o r s  o f  t h e  l e g s .  The s t a t i c  c o n t r a c t i o n s  w e re  o f  maximum 
e f f o r t ,  h e l d  f o r  a  p e r i o d  o f  s i x  s e c o n d s  p e r  m u sc le  g r o u p .
The e n t i r e  e x p e r i m e n t  c o v e r e d  a  p e r i o d  o f  s i x t e e n  w eeks— 
e i g h t  weeks o f  w e i g h t - t r a i n i n g ,  and e i g h t  weeks o f  t r a i n i n g  w i t h  t h e  
s i x - s e c o n d  s t a t i c - c o n t r a c t i o n  e x e r c i s e s .  A t  t h e  end  o f  t h e  w e i g h t -  
t r a i n i n g  p e r i o d ,  a l l  s u b j e c t s  i n  t h e  e x p e r i m e n t  w e re  g i v e n  a s t r e n g t h  
t e s t  o f  a l l  m u s c l e  g r o u p s  i n v o l v e d  b e f o r e  g o in g  on t o  t h e  n e x t  p h a s e  
o f  t h e  e x p e r i m e n t .
im m e d ia te ly  f o l l o w i n g  t h e  a d m i n i s t r a t i o n  o f  t h e  s t r e n g t h  t e s t ,  
t h e  s u b j e c t s  w ere  a s s i g n e d  t o  f o u r  " n o n - e q u a t e d 11 g r o u p s :  (1) a 
c o n t r o l  g r o u p  t h a t  d i d  n o t  p a r t i c i p a t e  in t h e  t r a i n i n g  p rog ram  o r  
any  v i g o r o u s  p h y s i c a l  e x e r c i s e  f o r  a p e r i o d  o f  e i g h t  w e ek s ,  (2) a 
g r o u p  t h a t  t r a i n e d  o nce  w eek ly  w i t h  t h e  s t a t i c  c o n t r a c t i o n  e x e r c i s e s ,  
(3) a  g r o u p  t h a t  t r a i n e d  once  e v e r y  two w eek s ,  and (4) a  g r o u p  t h a t  
t r a i n e d  once  e v e r y  t h r e e  w e ek s .  T h e re  w ere  t w e lv e  s u b j e c t s  in  t h e  
f i r s t  two g r o u p s  and e l e v e n  s u b j e c t s  in  t h e  o t h e r  two g r o u p s .
A c a b l e  t e n s i o m e t e r  was u s e d  t o  m e as u re  t h e  s t r e n g t h  o f  t h e  
f l e x o r s  and e x t e n s o r s  o f  t h e  p r e f e r r e d  arm and  t o  t r a i n  t h e s e  m u s c l e  
g r o u p s .  A l e g  dynamometer was u s e d  t o  t e s t  t h e  s t r e n g t h  and  t r a i n  
t h e  m u s c l e s  o f  t h e  e x t e n s o r s  o f  t h e  l e g s .
W hi le  i n  t h e  I s o m e t r i c  p h a s e  o f  t h e  e x p e r i m e n t  t h e  s u b j e c t s  
p a r t i c i p a t e d  i n  c o u r s e s  o f  p h y s i c a l  e d u c a t i o n  t h a t  r e q u i r e d  a  minimum 
o f  l a r g e  m u s c l e  a c t i v i t y :  s p o r t s  l e c t u r e ,  b a i t  c a s t i n g ,  h u n t e r  s a f e t y ,  
and g o l f  I n s t r u c t i o n .  The s u b j e c t s  w ere  v o l u n t e e r s  and  r e p o r t e d  in
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t h e  e v e n in g  f o r  t h e  I s o m e t r i c  t r a i n i n g  e x e r c i s e s .  The g ro u p  t h a t  
t r a i n e d  o n c e  week ly  had  a t o t a l  o f  e i g h t  t r a i n i n g  s e s s i o n s .  The 
g ro u p  t h a t  t r a i n e d  once  e v e r y  two weeks had  a t o t a l  o f  f o u r  t r a i n i n g  
s e s s i o n s ,  and t h e  g ro u p  t h a t  t r a i n e d  once  ev e ry  t h r e e  weeks had  a 
t o t a l  o f  t h r e e  t r a i n i n g  s e s s i o n s .  D ur ing  th e  two days f o l l o w i n g  t h e  
l a s t  t r a i n i n g  s e s s i o n ,  t h e  s u b j e c t s  were  a d m i n i s t e r e d  a p o s t - t e s t  in 
which t h e  maximum s t r e n g t h  o f  t h e  f l e x o r s  and e x t e n s o r s  o f  t h e  
p r e f e r r e d  arm and t h e  e x t e n s o r s  o f  t h e  l e g s  was m e a s u re d .
A l th o u g h  t h e r e  was a r a n g e  o f  i n d i v i d u a l  d i f f e r e n c e s ,  an 
a n a l y s i s  o f  t h e  s c o r e s  made by t h e  c o n t r o l  g roup  showed t h a t  t h e r e  
was a d e c l i n e  in  s t r e n g t h  in  e a c h  o f  t h r e e  movements.  The d e c l i n e  
in  s t r e n g t h  l e v e l  r an g ed  from e l e v e n  t o  e i g h t  p e r  c e n t  o f  t h e  p r e ­
t e s t  s t r e n g t h .  The d i f f e r e n c e s  be tween  t h e  p r e - t e s t  and p o s t - t e s t  
mean s t r e n g t h  s c o r e s  on a l l  t h r e e  movements were  s i g n i f i c a n t  a t  t h e  
one p e r  c e n t  l e v e l  o f  c o n f i d e n c e .
Of t h e  g ro u p  t h a t  t r a i n e d  once  w eek ly ,  i t  was found t h a t  t h e r e  
was a s i g n i f i c a n t  I n c r e a s e  In th e  s t r e n g t h  l e v e l  o f  t h e  m u sc le  g ro u p s  
in v o lv e d  in  th e  s t u d y .  The g r e a t e s t  I n c r e a s e  in  s t r e n g t h  o c c u r r e d  
in  t h e  e x t e n s o r  m u sc l e s  o f  t h e  l e g s ,  w here  t h e r e  was an I n c r e a s e  o f  
t h i r t e e n  p e r  c e n t  o f  t h e  p r e - t e s t  s t r e n g t h  l e v e l .
In t h e  g ro u p  t r a i n i n g  once  e v e r y  two weeks ,  t h e r e  was a  v e r y  
s l i g h t  g a i n  in  t h e  s t r e n g t h  l e v e l .  However, t h e  d i f f e r e n c e s  be tw een  
t h e  p r e - t e s t  and p o s t - t e s t  mean s t r e n g t h  s c o r e s  were  n o t  s i g n i f i c a n t  
a t  t h e  f i v e  p e r  c e n t  l e v e l  o f  c o n f i d e n c e .  Once a g a i n ,  t h e r e  was a 
w ide  r a n g e  o f  i n d i v i d u a l  d i f f e r e n c e s  w i t h i n  t h e  g r o u p .
14
Of t h e  g roup  t h a t  t r a i n e d  once  e v e r y  t h r e e  weeks ,  t h e r e  was a 
s l i g h t  d e c l i n e  in t h e  s t r e n g t h  l e v e l  o f  t h e  t h r e e  musc le  g r o u p s ,  
however ,  t h e  d i f f e r e n c e s  be tw een  t h e  means were  n o t  s i g n i f i c a n t  a t  
t h e  f i v e  p e r  c e n t  l e v e l  o f  c o n f i d e n c e .
From t h e  f i n d i n g s  o f  h i s  s t u d y ,  t h e  a u t h o r  was a b l e  t o  make 
t h e s e  c o n c l u s i o n s :
1.  The s t r e n g t h  l e v e l  a c h i e v e d  r a p i d l y  d u r in g  an e i g h t - w e e k  
s e s s i o n  o f  w e i g h t - t r a i n i n g  d e c l i n e s  a f t e r  t h e  c e s s a t i o n  o f  t h a t  
t r a i n i n g .
2 .  T r a i n i n g  once  w e ek ly  w i t h  s t a t i c - c o n t r a c t i o n  e x e r c i s e s — 
maximum e x e r t i o n  f o r  s i x  sec o n d s  p e r  m usc le  g r o u p — s i g n i f i c a n t l y  
i n c r e a s e s  a  newly a c q u i r e d  s t r e n g t h  l e v e l ,  a c h i e v e d  th r o u g h  e i g h t  
weeks o f  w e i g h t - t r a f n i n g .
3 .  A newly a c q u i r e d  s t r e n g t h  level  , a c h i e v e d  d u r in g  e i g h t  
weeks o f  w e i g h t - t r a i n i n g ,  c an  be  m a i n t a i n e d  by t r a i n i n g  w i t h  
s t a t i c - c o n t r a c t i o n  e x e r c i s e s  once  e v e r y  two weeks f o r  an  
a d d i t i o n a l  p e r i o d  o f  e i g h t  w eeks .
4 .  T r a i n i n g  w i t h  s t a t i c - c o n t r a c t i o n  e x e r c i s e s  once  e v e r y  t h r e e  
weeks f o r  n i n e  weeks f o l l o w i n g  t h e  a c h i e v e m e n t  o f  a new s t r e n g t h  
l e v e l  i s  n o t  s u f f i c i e n t  t o  m a i n t a i n  t h a t  s t r e n g t h  l e v e l . °
20Pay S t u d y . The p u r p o s e  o f  D ay 's  s t u d y  was t o  d e t e r m i n e  i f  
t h e  w a i s t l i n e  o f  women c a n  be m a t e r i a l l y  re d u c ed  by maximum i s o m e t r i c  
c o n t r a c t i o n  o f  t h e  abdomina l m u s c l e s .
In t h i s  s t u d y  s e v e n t y - t w o  women s t u d e n t s  e n r o l l e d  in  h e a l t h  
and p h y s i c a l  e d u c a t i o n  c l a s s e s  w ere  d i v i d e d  I n t o  two g r o u p s — an 
e x p e r i m e n t a l  g ro u p  o f  t h i r t y - e i g h t  s t u d e n t s  and a c o n t r o l  g ro u p  o f  
t h i r t y - f o u r  s t u d e n t s .
l 9 l b i d . ,  p .  58 .
20 I .  June  Day, "A S tu d y  o f  t h e  R e d u c t io n  o f  t h e  W a i s t l i n e  o f  
Women by Maximum I s o m e t r i c  C o n t r a c t i o n  o f  t h e  Abdominal W a l l , "
(unpub1 1shed M a s t e r ' s  t h e s i s ,  L o u i s i a n a  S t a t e  U n i v e r s i t y ,  J u n e ,  19 5 7 ) ,  
p .  2 .
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The e x e r c i s e  program f o r  t h e  e x p e r i m e n t a l  g r o u p  was t o  f o r c e  
In t h e  abdominal m u sc l e s  a s  much a s  p o s s i b l e  and , a t  t h e  same t i m e ,  
t o  s t r o n g l y  c o n t r a c t  t h e  g l u t e u s  m usc le s  f o r  a p e r i o d  o f  s i x  s i x -  
s ec o n d  I n t e r v a l s .  The s u b j e c t s  c o n t i n u e d  t h e s e  e x e r c i s e s  on a 
d a 1 1 y bas  i s  .
The c o n t r o l  g ro u p  d i d  n o t  p a r t i c i p a t e  In t h e  I s o m e t r i c  e x e r c i s e  
p rog ram .
The d u r a t i o n  o f  t h e  I s o m e t r i c  t r a i n i n g  program was s i x  w e e k s .
As a r e s u l t  o f  t h e  f i n d i n g s  o f  t h i s  s t u d y ,  Day made t h e  f o l l o w i n g  
c o n c l u s  I o n s :
I s o m e t r i c  c o n t r a c t i o n  o f  the  abdominal m u sc le s  o v e r  a 
p e r i o d  o f  s i x  weeks c a u s e d  an  a v e r a g e  r e d u c t i o n  o f  1 .2 ^  I n c h e s  
In t h e  w a i s t l i n e  o f  th e  c o l l e g e  women s u b j e c t s .
I I I .  STUDIES COMPARING ISOMETRIC AND ISOTONIC METHODS 
OF STRENGTH DEVELOPMENT
In t h i s  s e c t i o n  s ev e n  s t u d i e s  a r e  r e v iew ed  t h a t  compared t h e  
e f f e c t i v e n e s s  o f  I s o m e t r i c  and  I s o t o n i c  e x e r c i s e s  in t h e  d ev e lopm en t  
o f  m u sc le  s t r e n g t h .
Mathews and  K ruse  S t u d y . The p u r p o s e  o f  t h i s  s t u d y  by 
22Mathews and K ru se ,  was t o  examine  t h e  e f f e c t i v e n e s s  o f  v a r i o u s  
f r e q u e n c i e s  o f  t r a i n i n g  programs upon t h e  changes  in s t r e n g t h  o f  t h e
22Donald  K. Mathews and R o b e r t  K ru se ,  " E f f e c t s  o f  i s o m e t r i c  
and  I s o t o n i c  E x e r c i s e s  o n  Elbow F l e x o r  M usc le  G r o u p s , "  R es e a r c h  
Q u a r t e r l y , 2 8 : 2 6 ,  March , 1957.
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e lb o w  f l e x o r  m usc le  g r o u p .  A s ec o n d  prob lem was t o  s t u d y  th e  
e f f e c t i v e n e s s  o f  an i s o t o n i c  c o n t r a c t i o n  and an I s o m e t r i c  c o n t r a c t i o n  
In  te rms o f  s t r e n g t h  c h a n g e s .
One hundred  and  twenty  S p r i n g f i e l d  C o l l e g e  m a le  s t u d e n t s  
w e re  u s e d ,  h a l f  e x e r c i s i n g  I s o m e t r i c a l l y  and t h e  o t h e r  h a l f  
i s o t o n l c a l  l y .  The s i x t y  s u b j e c t s  i n  t h e  i s o t o n i c  u n i t  e x e r c i s e d  
t o  e x h a u s t i o n  on t h e  K e l s o - H e l l e b r a n d t  e r g o m e t e r  w i t h  a w e i g h t  lo a d  
e q u a l  t o  3 / 1 6  o f  t h e i r  maximum s t r e n g t h .  In a d d i t i o n  t o  t h e  i s o t o n i c  
e x e r c i s e  on t h e  e r g o m e t e r ,  t h e  s u b j e c t s  p e r fo rm ed  one i s o m e t r i c  
c o n t r a c t i o n  o f  maximal e f f o r t  w i t h  e ac h  v i s i t  t o  t h e  l a b o r a t o r y ,  so  
t h a t  th e  p r o p e r  load  p r o p o r t i o n  c o u l d  be p l a c e d  on t h e  e r g o m e t e r .
The s u b j e c t s  in  t h e  I s o m e t r i c  u n i t  e x e r c i s e d  by e x e r t i n g  
maximum e f f o r t  in t h r e e  c o n s e c u t i v e  s i x - s e c o n d  p u l l s  on a s t r a p .  
C l a r k e ' s  C ab le  T en s io n  S t r e n g t h  T e s t  f o r  th e  e lbow f l e x o r  m u sc le  g roup  
was employed,  b o th  In  t a k i n g  th e  s t r e n g t h  measurements  and  as  a means 
f o r  t h e  I s o m e t r i c  e x e r c i s e .
The two e x e r c i s e  u n i t s  were  d i v i d e d  i n t o  f o u r  g r o u p s ,  e ac h  
c o n t a i n i n g  f i f t e e n  s u b j e c t s .  The r e s p e c t i v e  g ro u p s  e x e r c i s e d  two, 
t h r e e ,  f o u r ,  and f i v e  t im e s  a week o v e r  a p e r i o d  o f  f o u r  w eeks .
I n i t i a l  s t r e n g t h  o f  t h e  e lbow f l e x o r  m usc le  g ro u p  was u sed  a s  a 
b a s i s  f o r  e q u a t i n g  t h e  e i g h t  g r o u p s .
In a n a l y z i n g  t h e i r  d a t a  t h e  a u t h o r s  o r i g i n a l l y  p l a n n e d  t o  
t e s t  t h e  s i g n i f i c a n c e  b e tw een  g roup  r e g r e s s i o n  l i n e s  ( r a t e  o f  
improvement  o f  a  g iv e n  g r o u p )  t o  d e t e r m i n e  w h e th e r  one e x e r c i s e  
f r e q u e n t l y  r e s u l t s  in  a  g r e a t e r  s t r e n g t h  g a i n  t h a n  does  a n o t h e r .
T h i s  coiranon g ro u p  r e g r e s s i o n  1 1ne was n o t  fo u n d ,  t h u s  i n d i c a t i n g
17
t h a t  th e  I n d i v i d u a l s  w i t h i n  an  e x e r c i s e  g roup  do n o t  Improve a t  t h e  
same r a t e  b u t  a t  a  r a t e  p e c u l i a r  t o  t h e m s e l v e s .  The a u t h o r s  con ­
s i d e r e d  t h e i r  p rob lem  as  one o f  an a n a l y s i s  o f  v a r i a n c e  among 
r e g r e s s i o n  c o e f f i c i e n t s .
The a u t h o r s  r e p o r t  t h a t  " i n  e v e r y  i n s t a n c e ,  th e  F t e s t s
r e s u l t e d  In s i g n i f i c a n c e  beyond t h e  .01 l e v e l  o f  c o n f i d e n c e ,  I n d i c a t i n g
23t h a t  no common r e g r e s s i o n  e x i s t s  w i t h i n  t h e  g r o u p s . "
As a r e s u l t  o f  t h e s e  f i n d i n g s ,  i t  i s  n o t  f e a s i b l e  t o  t e s t  
f o r  s i g n i f i c a n c e  in  te rm s  o f  r a t e  o f  Improvement be tween  th e  
g roups  a s  o r i g i n a l l y  p la n n e d ,  f o r  t h e r e  i s  no common r e g r e s s i o n  
p e c u l i a r  t o  a  g i v e n  e x e r c i s e  g r o u p .  In e ach  o f  t h e  f o u r  g r o u p s ,  
th e  d e v i a t i o n s  o f  i n d i v i d u a l  r e g r e s s i o n s  from th e  g ro u p  r e g r e s ­
s i o n  a c c o u n t  f o r  more o f  th e  v a r i a n c e  th a n  do th e  d e v i a t i o n s  
from the  i n d i v i d u a l  r e g r e s s i o n s ,  im ply ing  o f  c o u r s e ,  t h a t  t h e  
r a t e  o f  change  in s t r e n g t h  i s  p e c u l i a r  t o  th e  I n d i v i d u a l .
The a u t h o r s  s t a t e  t h a t  w i t h i n  t h e  l i m i t a t i o n s  o f  t h e i r  s t u d y  
th e  f o l l o w i n g  c o n c l u s i o n s ,  as  w e l l  a s  q u e s t i o n s ,  may be s u g g e s t e d .
1.  I n d i v i d u a l s ,  r e g a r d l e s s  o f  e x e r c i s e  f r e q u e n c y ,  r e a c t  in
a manner p e c u l i a r  t o  t h e m s e l v e s .  T h is  was b o rn e  o u t  by th e
f a c t  t h a t  1 .  a  common r e g r e s s i o n  l i n e  d id  n o t  o c cu r  w i t h i n  
e i t h e r  o f  t h e  two e x e r c i s e  u n i t s ;  and  2 .  th e  i n d i v i d u a l  
r e g r e s s i o n  e q u a t i o n s ,  when p l o t t e d ,  e x h i b i t  l a c k  o f  u n i f o r m i t y  
in  te rms  o f  r a t e  o f  i n c r e a s e  In  s t r e n g t h .
2.  As t h e  e x e r c i s e  f r e q u e n c y  i n c r e a s e d ,  a g r e a t e r  number o f
s u b j e c t s  s i g n i f i c a n t l y  g a i n e d  in s t r e n g t h  in bo th  u n i t s .
3 .  A t o t a l  o f  *tl o f  th e  60 s u b j e c t s  In t h e  I s o t o n i c  U n i t  
and  o f  t h e  60 s u b j e c t s  In t h e  I s o m e t r i c  U n i t  s i g n i f i c a n t l y  
I n c r e a s e d  t h e i r  s t r e n g t h  s c o r e s .  I t  m us t  be k e p t  i n  mind t h a t  
t h e  fo rm er  g ro u p  a v e r a g e d  a p p r o x i m a t e l y  120 seconds  p e r  
e x e r c i s e  on t h e  e r g o m e t e r ,  w h i l e  t h e  l a t t e r  g ro u p  t r a i n e d  a 
t o t a l  o f  o n l y  18 seconds  in  e x e c u t i n g  t h e  t h r e e ,  s i x - s e c o n d  
maximal c o n t r a c t i o n s  on t h e  s t r a p .  A p p a r e n t l y ,  the  i s o m e t r i c -  
type  c o n t r a c t i o n  r e s u l t s  in g r e a t e r  s t r e n g t h  g a i n s  th a n  does
23lkL<L*» P- 2 9- 
24 l b i d . .  p .  30 .
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t h e  i s o t o n i c - t y p e  c o n t r a c t i o n  i n  te rms  o f  t h e  e x e r c i s e s  used  ih  
t h i s  s t u d y .
h .  One q u e s t i o n  m ig h t  be  r a i s e d  r e l a t i v e  t o  t h e  a p p e a r a n c e  o f  
g r e a t e r  hom ogenei ty  among c e r t a i n  g ro u p s  as  they  com ple ted  th e  
fo u r -w ee k  e x e r c i s e  p e r i o d .  P e rh ap s  a  common r e g r e s s i o n  m igh t  
o c c u r  among s u b j e c t s  I f  they  were  more homogeneous in  te rms  o f  
s t r e n g t h  when they  s t a r t e d  t h e  t r a i n i n g ,  i f  t h i s  I s  t r u e ,  I t  
m ig h t  th e n  be  p o s s i b l e  t o  d e te r m in e  I f  t h e  r a t e  o f  i n c r e a s e  
c o r r e l a t e s  t o  t h e  number o f  t im es  p e r  week t h e  s u b j e c t s  e x e r c i s e .
5 .  P e rh ap s  g r e a t e r  homogenei ty  in  s t r e n g t h  g a i n s  m igh t  have 
o c c u r r e d  a l s o  i f  t h e  s u b j e c t s  were  s e l e c t e d  a c c o r d i n g  to  body 
type  a s  r e v e a l e d  by t h e  f i n d i n g s  o f  K o h l rau sch  and H erxhe lm er .
6 .  O b v io u s ly ,  a n o t h e r  f a c t o r  which m ig h t  a c c o u n t  f o r  l a c k  o f  
common r e g r e s s i o n  Is  t h e  amount o f  load  th e  s u b j e c t  s h o u ld  c a r r y  
on t h e  e r g o m e t e r .  The q u e s t i o n  may be  r a i s e d ,  i s  t h e  t h r e e -  
s i x t e e n t h s  o f  th e  i n d i v i d u a l ' s  e lbow f l e x o r  s t r e n g t h  a  s u f f i c i e n t  
s t r e n g t h  p r o p o r t i o n  f o r  a l l  s u b j e c t s ?
7 .  Should  t h e  t r a i n i n g  p e r i o d  be i n c r e a s e d  to  s i x  o r  e i g h t  
weeks t o  d e t e r m i n e  w h e th e r  a common r e g r e s s i o n  w i l l  r e s u l t ?
8 .  F i n a l l y ,  i t  seems p e r t i n e n t  to  s u g g e s t  t h a t  c a r e  must be 
t a k e n  in  d rawing  c o n c l u s i o n s  from s i m i l a r  s t u d i e s  in which th e  
r e s u l t s  a r e  i n t e r p r e t e d  on th e  b a s i s  o f  mean s t r e n g t h  c h a n g e s .  
F o r ,  in  t h i s  s t u d y ,  t h e  r e s u l t s  would be i n t e r p r e t e d  somewhat 
d i f f e r e n t l y  a s  compared t o  t h e  r e s u l t s  found by t h e  a n a l y s i s  o f  
va r  i an ce  o f  reg  r e s  s I  on 1 1 n e s .^5
In summary, t h e  f o l l o w i n g  r e s u l t s  were  o b t a i n e d :  (1) No 
common r e g r e s s i o n  l i n e  was found  in  t h e  e i g h t  g r o u p s ,  i n d i c a t i n g  t h e  
s t r e n g t h  changes  were  p e c u l i a r  to  th e  i n d i v i d u a l ,  r e g a r d l e s s  o f  
e x e r c i s e  f r e q u e n c y ;  (2) t h e  i s o m e t r i c  type  e x e r c i s e  c au sed  a  g r e a t e r  
number o f  s u b j e c t s  t o  s i g n i f i c a n t l y  g a i n  i n  s t r e n g t h ;  and (3) th e  
f i v e - d a y - a - w e e k  e x e r c i s e  program was most b e n e f i c i a l  in  te rms o f  
s t r e n g t h  g a i n s .
Darcus  and S a l t e r  S t u d y . The e f f e c t  o f  r e p e a t e d  m u scu la r
25 l b i d . .  p p .  3 5 -3 6 .
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26e x e r t i o n  on m usc le  s t r e n g t h  was s t u d i e d  by Darcus  and  S a l t e r .  T h e i r
s tu d y  was d e s ig n e d  t o  t e s t  s p e c i f i c a l l y  t h e  r e s p o n s e  o f  m u sc les  t o
r e p e a t e d  i s o m e t r i c  and i s o t o n i c  e x e r c i s e s .
T h i s  s t u d y  was an  o u tg ro w th  o f  a s e r i e s  o f  p r e l i m i n a r y
s t u d i e s  d e s ig n e d  t o  d e t e r m in e  the  e f f e c t  o f  d i f f e r e n t  j o i n t  p o s i t i o n s
on th e  maximum i s o m e t r i c  f o r c e s  t h a t  can be e x e r t e d  in  p r o n a t i o n  and
s u p i n a t i o n  o f  t h e  hand .  In t h e s e  s t u d i e s  i t  was n o te d  t h a t ,  a l t h o u g h
tw e lv e  e x e r t i o n s  were  made a t  ^ - m i n u t e  i n t e r v a l s  tw ic e  a day f o r
f i f t e e n  d a y s ,  t h e r e  was no c o n s i s t e n t  i n c r e a s e  in  t h e  f o r c e  t h a t
27 28c o u l d  be d e v e lo p e d .  ’ When t h e s e  e x p e r im e n t s  were  r e p e a t e d  w i th  
maximum I s o t o n i c  c o n t r a c t i o n s  a g a i n s t  a heavy load  i n s t e a d  o f  i s o ­
m e t r i c  c o n t r a c t i o n s  t h e r e  was a  p r o g r e s s i v e  i n c r e a s e  in  t h e  d i s t a n c e
t h a t  t h e  l o a d  c o u ld  be r a i s e d ,  I n d i c a t i n g  an improvement in  t h e  p e r -
29formance o f  t h e  m u s c l e s .
In t h e  p r e s e n t  s t u d y ,  e x p e r im e n t s  a r e  d e s c r i b e d  on th e  e f f e c t s  
o f  r e p e a t e d  maximum i s o t o n i c  and i s o m e t r i c  c o n t r a c t i o n s  on t h e  
s t r e n g t h  o f  p r o n a t i o n  and s u p i n a t i o n  o f  t h e  hand and f l e x i o n  o f  t h e  
e lbow .  Each d a i l y  t r a i n i n g  s e s s i o n  c o n s i s t e d  o f  t h i r t y  c o n t r a c t i o n s
26H. D. Darcus  and Nancy S a l t e r ,  "The E f f e c t  o f  R ep ea ted  
M uscu la r  E x e r t i o n  on Muscle  S t r e n g t h , "  Jo u rn a l  o f  P h y s i o l o g y , 129:325,  
A u g u s t ,  1955.
27H. D. D a rcu s ,  'T h e  Maximum Torques  Developed in  P r o n a t l o n  
and  S u p i n a t i o n  o f  t h e  R i g h t  H a n d . "  J o u rn a l  o f  Anatomy, 8 5 :5 5 ,  1951.
28N. S a l t e r  and H. D. D a rcu s ,  'T h e  E f f e c t  o f  t h e  Degree  o f  
Elbow F le x io n  on t h e  Maximum Torques  Developed In P r o n a t i o n  and S u p i ­
n a t i o n  o f  t h e  R i g h t  H an d ,"  J o u rn a l  o f  Anatomy, Qj:k07,  1953.
29Darcys  and  S a l t e r ,  J o e .  c l t .
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a t  f n t e r v a l s  o f  one m in u te .  T h i s  was c a r r i e d  o u t  f o r  f i v e  o r  s i x  days 
each  week.  I n i t i a l l y  t r a i n i n g  was l i m i t e d  t o  one week,  b u t  a t  th e  
end o f  t h i s  t ime s t a t i c  t r a i n i n g  g ave  no c o n s i s t e n t  r e s u l t s ,  w hereas  
dynamic t r a i n i n g  p roduced  Immediate and p r o g r e s s i v e  im provements .
Due t o  t h e s e  f i n d i n g s  i t  was d e c id e d  to  c o n t i n u e  bo th  methods  f o r  a 
lo n g e r  p e r i o d .
Darcus  and S a l t e r  d e s c r i b e  t h e i r  e x p e r im e n t a l  p r o c e d u r e  as  
f o l 1ows:
S t a t i c  and dynamic p r o n a t i o n  t r a i n i n g  was c a r r i e d  o u t  by two 
g roups  o f  s i x  s u b j e c t s  f o r  5 o r  6 d ays .  A l l  were t r a i n e d  on t h e  
r i g h t  s i d e ,  and one from each  g roup  on b o t h  s i d e s .  S i x  s u b j e c t s ,  
two from the  ‘s t a t i c 1 g roup  and  f o u r  f rom t h e  ' d y n a m i c 1 group 
c o n t i n u e d  t r a i n i n g  f o r  5 days  a  week u n t i l  twenty t o  t w e n t y - e i g h t  
s e s s i o n s  had been  com ple ted  . . .
B e f o r e  and a f t e r  th e  e x p e r i m e n t ,  t h r e e  measurements  were 
made a t  1 -mfnute  i n t e r v a l s  o f  t h e  maximum I s o m e t r i c  p r o n a t i o n  
and s u p i n a t i o n  f o r c e  e x e r t e d  In  s i x  d i f f e r e n t  hand p o s i t i o n s  
( -60 ,  - 3 0 ,  0,  +30,  +60 and +90 d e g re e s )  on th e  t r a i n e d  s i d e .
In t h e  two s u b j e c t s  who were  t r a i n e d  on one  s i d e  o n l y ,  i s o m e t r i c  
and I s o t o n i c  s t r e n g t h  t e s t s  w e re  made o f  p r o n a t i o n  and s u p i n a t i o n  
on t h e  o p p o s i t e  s i d e ,  in  one s u b j e c t ,  who completec! t h i r t y - t h r e e  
dynamic t r a i n i n g  s e s s i o n s ,  t e s t s  were made s u b s e q u e n t l y  a t  
f o r t n i g h t l y  I n t e r v a l s  f o r  1 y e a r .
S u p i n a t i o n  o f  t h e  hand was t r a i n e d  s t a t i c a l l y  on t h e  r i g h t  
s i d e  in  two s u b j e c t s  and f l e x i o n  o f  t h e  e lbow in  two s u b j e c t s .  
Three  s u b j e c t s  c a r r i e d  o u t  t w e n t y - f i v e  t r a i n i n g  s e s s i o n s  d u r in g  
5 w eeks .  T e s t s  w e re  made b e f o r e  and a f t e r  t r a i n i n g  o f  the  
s t r e n g t h  o f  I s o m e t r i c  s u p i n a t i o n  and f l e x i o n  on b o th  r i g h t  and 
l e f t  s i d e s  In a l l  f o u r  s u b j e c t s .™
Darcus  and S a l t e r  r e p o r t  t h e  fo l l o w i n g  f i n d i n g s  on t h e  e f f e c t s  
o f  s t a t i c  t r a i n i n g  on maximum f o r c e .
The s h o r t e r  p e r i o d s  o f  t r a i n i n g  u s u a l l y  r e s u l t e d  in  an 
i n c r e a s e  in  t h e  maximum i s o m e t r i c  f o r c e  t h a t  c o u ld  b e  e x e r t e d ,
3° l b l d . . p .  131.
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b u t  t h e r e  was no c o n s i s t e n t  t r e n d  In t h e  mean v a l u e s  ov e r  t h e  
5 o r  6 d a y s .  However,  th e  l o n g e r  p e r i o d s  a lways  c a u s e d  a s i g n i f i ­
c a n t  Improvement .  The c u r v e s  compiled  f o r  e ach  s u b j e c t  I n d i c a t e d  
a  p r o g r e s s i v e  i n c r e a s e  In t h e  t r a i n i n g  e f f e c t ,  w i t h  t h e  h i g h e s t  
r a t e  o c c u r r i n g  In t h e  second  week. In no c a s e  was a  p l a t e a u  l e v e l  
r e a c h e d .
On t h e  e f f e c t s  o f  dynamic t r a i n i n g  on t h e  maximum I s o t o n i c  
work t h e  a u t h o r s  r e p o r t  t h e  f o l l o w i n g :
T h i s  method o f  t r a i n i n g  p roduced  an Immediate and p r o g r e s s i v e  
Improvement i n  t h e  maximum I s o t o n i c  work t h a t  c o u j d  be a c h i e v e d ,  
w i th  t h e  most r a p i d  Improvement d u r in g  t h e  f i r s t  week.  In t h e  
one s u b j e c t  who com ple ted  t h i r t y - t h r e e  t r a i n i n g  s e s s i o n s ,  a 
p l a t e a u  l e v e l  was re a c h e d  a f t e r  t h e  t w e n t y - s i x t h .  F o l low ing  t h e  
t o t a l  amount o f  t r a i n i n g ,  t h e  t e s t s  made a t  f o r t n i g h t l y  i n t e r v a l s  
showed a  d e c r e a s e  In musc le  s t r e n g t h .  The d e c r e a s e  was g r e a t e s t  
In t h e  f i r s t  6 weeks ,  b u t  even  a f t e r  1 y e a r  th e  r e a d i n g s  were  
s t i l l  more than  d o u b le  t h o s e  t a k e n  b e f o r e  t r a i n i n g .™
On th e  e f f e c t  o f  s t a t i c  t r a i n i n g  on th e  maximum i s o t o n i c  work 
and  v i c e  v e r s a ,  t h e  a u t h o r s  have t h e  f o l l o w i n g  t o  r e p o r t :
The s h o r t e r  p e r i o d s  o f  s t a t i c  t r a i n i n g  had a  v a r i a b l e  e f f e c t  
on t h e  muscle  s t r e n g t h  m easured  I s o t o n i c a l l y .  In t h e  t h r e e  
s u b j e c t s  t e s t e d ,  one showed an i n c r e a s e ,  one no change  and t h e  
o t h e r  a  d e c r e a s e ,  in  t h e  l a t t e r  c a s e ,  t h e r e  was a l s o  a 
d e c r e a s e  in  t h e  maximum i s o m e t r i c  f o r c e .  Two s u b j e c t s  were 
t e s t e d  a f t e r  t h e  l o n g e r  p e r i o d  o f  s t a t i c  t r a i n i n g .  In  one 
t h e r e  was an  I n c r e a s e  In  t h e  maximum i s o t o n i c  work and th e  
o t h e r ,  t r a i n e d  on b o th  s i d e s ,  t h e r e  was an i n c r e a s e  on th e  
l e f t  s i d e  and a  d e c r e a s e  on t h e  r i g h t  s i d e .  I t  I s  c o n s i d e r e d  
t h a t  t h e  l a t t e r  r e s u l t  may be  s p u r i o u s ,  a s  t h e  p e r c e n t a g e  
improvement m easured  i s o m e t r l c a l l y  was o f  t h e  same o r d e r  on 
b o th  s i d e s .
Both t h e  s h o r t  and lo n g e r  p e r i o d s  o f  dynamic t r a i n i n g  p ro d u c e d  
an Improvement In  t h e  maximum I s o m e t r i c  f o r c e .  In  e v e r y  c a s e  
t h e  p e r c e n t a g e  i n c r e a s e  was l e s s  than  f o r  t h e  maximum I s o t o n i c  
work .
31 I b i d . . p .  335 .
32 l b i d .
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34L l b e r s o n  and Asa  S t u d y . L I b e r s o n  and Asa a t t e m p t e d  t o  
a n a l y z e  some o f  t h e  f a c t o r s  Invo lved  in  b r i e f  I s o m e t r i c  e x e r c i s e s  
by compar ing  i s o m e t r i c  e x e r c i s e s  w i t h  t h e  DeLorme method o f  I s o t o n i c  
e x e r c i s e s .  They s t u d i e d  t h e  r e s p o n s e s  o f  th e  h y p o th e n a r  muscle  
mass ( e s p e c i a l l y ,  t h e  a b d u c t o r  d i g i t i  q u i n t ! )  I n  26 normal p e r s o n s .  
The a u t h o r s  c h o se  t h e s e  m u sc le s  b e ca u s e  they  a r e  n o t  used  w i th  
g r e a t  f r e q u e n c y  In d a l l y  l i v i n g  and t h e i r  t r a i n i n g  i s  n o t  c o n t a m i n a t ­
ed by f a c t o r s  d i f f i c u l t  t o  c o n t r o l  in  an  e x p e r im e n t  o f  long  d u r a t i o n .
At f i r s t  t h e  e x p e r i m e n t e r s  d i v i d e d  t h e i r  s u b j e c t s  I n t o  two 
g ro u p s  o f  t h i r t e e n  e a c h .
Members o f  th e  f i r s t  g roup  (A) e x e r c i s e d  t h e  h y p o th e n a r  
m usc les  a c c o r d i n g  t o  t h e  method o f  DeLorme. The second  group 
p e r fo rm ed  i s o m e t r i c  e x e r c i s e s  o f  th e  h y p o th e n a r  m u sc les  . .
A f t e r  n i n e  weeks o f  t r a i n i n g ,  t h e  second  g roup  was d i v i d e d  
i n t o  two s u b - g r o u p s ,  B and C.
Group B ( c o n t r o l )  c o m p r i s ed  seven  s u b j e c t s  who c o n t i n u e d  w i th  
t h e  same I s o m e t r i c  e x e r c i s e s  (once d a l l y )  as  b e f o r e  u n t i l  t h e  
end  o f  t h e  s t u d y  ( t h r e e  a d d i t i o n a l  w e e k s ) .  Group C c o n s i s t e d  
o f  s i x  s u b j e c t s  who c o n t i n u e d  t h e  same ty p e  o f  e x e r c i s e  a s  b e f o r e ,  
b u t  i n s t e a d  o f  p e r fo rm in g  a  s i n g l e  d a l l y  c o n t r a c t i o n  f o r  s i x  
s e c o n d s ,  each  s u b j e c t  r e p e a t e d  t h e  e x e r c i s e  20 t im es  d u r in g  each  
s e s s i o n .  The s u b j e c t s  a s s i g n e d  t o  i s o m e t r i c  e x e r c i s e s  were  
d i v i d e d  i n t o  two g ro u p s  in  such a manner t h a t  a t  t h e  end  o f  
t h e  n i n t h  week, t h e  mean in c re a s e , .  (p e r  c e n t )  In m usc le  s t r e n g t h  
was t h e  same f o r  Groups B and C.
S in c e  th e  age  ra n g e  f o r  Group A was d i f f e r e n t  from t h a t  o f  
t h e  o t h e r  g r o u p s ,  th e  A Group was d i v i d e d  a s  f o l l o w s :  "Aj— s i x  p e r s o n s
34W. Tv  L I b e r s o n  and  M. Maxim Asa ,  " B r i e f  I s o m e t r i c  E x e r c i s e s , "  
S id n e y  L l c h t  ( e d . ) ,  T h e r a p e u t i c  E x e r c i s e s .  (B a l t im o r e :  Waverly  P r e s s ,  
I n c o r p o r a t e d ,  1958) ,  pp .  8 2 6 -3 5 .
35 l b l d . ,  p .  827
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w i t h  t h e  same a g e  d i s t r i b u t i o n  a s  Groups  B and  C (20 t o  30) and
37—s e v e n  p e r s o n s  In t h e  a g e  r a n g e  o f  30 t o  k5  y e a r s . "
The e x e r c i s e s  f o r  Group A ( i s o t o n i c )  c o n s i s t e d  o f  a b d u c t i n g
t h e  l i t t l e  f i n g e r  o f  t h e  r i g h t  h a n d  a g a i n s t  a  l e v e r  w h ic h  r a i s e d  a
m e a s u r e d  w e i g h t .  T h i s  p u s h i n g  movement was p e r f o r m e d  t h r o u g h  t h e
f u l l  r a n g e  o f  m o t i o n  ( l i m i t e d  by a  m ovab le  p e g ) .  The e x e r c i s e s  w e r e  
c o n d u c t e d  a c c o r d i n g  t o  t h e  r e c o m m e n d a t io n s  o f  DeLorme.
The e x e r c i s e s  f o r  G roups  B and  C ( I s o m e t r i c )  c o n s i s t e d  o f  
m a i n t a i n i n g  a  maximal p u l l  ( a t t e m p t i n g  t o  a b d u c t  t h e  l i t t l e  f i n g e r  
o f  t h e  r i g h t  h an d )  f o r  s i x  s e c o n d s  on a  c o r d  a t t a c h e d  t o  a n  I s o m e t r i c  
s t r a i n  g a u g e  m yo g rap h .  The s u b j e c t s  o f  Group B w e re  a s k e d  t o  e x e c u t e  
o n l y  one  c o n t r a c t i o n  a d a y ;  t h o s e  In Group C r e p e a t e d  t h e  c o n t r a c t i o n s  
tw e n ty  t i m e s  a t  20- s e c o n d  I n t e r v a l s .
At t h e  b e g i n n i n g  o f  t h e  e x p e r i m e n t  e a c h  s u b j e c t  In  e v e r y
g r o u p  was t e s t e d  f o r :
(1) maximal i s o m e t r i c  c o n t r a c t i o n  m a i n t a i n e d  f o r  s i x  s e c o n d s  
( r e c o r d e d  on  t h e  m y o g r a p h ) ,  (2 )  t h e  1 RM v a l u e ,  (3) t h e  10 RM 
v a l u e ,  (4) t h e  c i r c u m f e r e n c e  o f  t h e  h a n d  and  (5 ) t h e _ r t i l c k n e s s  
o f  t h e  h y p o t h e n a r  e m in e n c e  (m easu red  w i t h  c a l i p e r s ) .
A t  t h e  end  o f  t h e  e x p e r i m e n t ,  t h e s e  f i v e  d e t e r m i n a t i o n s  w e re  
made a g a i n  a n d ,  I n  a d d i t i o n ;
. . . e a c h  s u b j e c t  was a s k e d  t o  m a i n t a i n  a  p u l l  on t h e  i s o m e t r i c
37 I b i d ,
38H e r e ,  1 RM r e f e r s  t o  t h e  amount  o f  w e i g h t  t h a t  a  s u b j e c t  
c a n  l i f t  f o r  a  maximum o f  o n e  r e p e t i t i o n ;  10 RM r e f e r s  t o  10 r e p e t i ­
t i o n  maximum; t h e s e  a r e  t e r m s  f i r s t  u s e d  by DeLorme.
^ \ l b e r s o n  and  A s a ,  0£ .  c l t . , p .  8 2 9 .
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myograph  c o r d  w i t h  h i s  h y p o t h e n a r  m u s c l e s  u n t i l  e x h a u s t i o n .  The 
t i m e  e l a p s e d  b e tw e e n  t h e  b e g i n n i n g  o f  t h e  p u l l  and  t h e  moment 
t h a t  t h e  m yograph  I n d i c a t e d  50 p e r  c e n t  o f  t h e  I n i t i a l  a m p l i t u d e  
was  t a k e n  a s  t h e  I n d e x  o f  e n d u r a n c e .  0
As a  m e a s u r e  o f  t h e  c o n t r a l a t e r a l  i n f l u e n c e  o f  t r a i n i n g  a  
d e t e r m i n a t i o n  o f  t h e  1 RM and  10 RM on t h e  l e f t  ( u n e x e r c i s e d )  hand  
was made on t h e  t h i r t e e n  s u b j e c t s  who had  e x e r c i s e d  a c c o r d i n g  t o  t h e  
method  o f  DeLorme and  on f i v e  s u b j e c t s  f rom  Group B who had  t r a i n e d  
w i t h  b r i e f  I s o m e t r i c  e x e r c i s e s .  The r e m a i n i n g  two s u b j e c t s  c o u l d  noct 
be  t e s t e d .
The r e s u l t s  o f  t h i s  s t u d y  c o u l d  be  o u t l i n e d  a s  f o l l o w s :
I . I n c r e a s e  o f  maximal m u s c l e  s t r e n g t h .
A. DeLorme e x e r c i s e s  . . . s u b j e c t s  In Group A I n c r e a s e d  
t h e i r  maximum m u s c l e  s t r e n g t h  (1 RM) by 107 p e r  c e n t  a t  
t h e  end  o f  t h e  e x p e r i m e n t  and  r e a c h e d  a  p l a t e a u  a f t e r  
n i n e  w e e k s .  The I n c r e a s e  o f  t h e  10 RM f o l l o w e d  a  p a r a l l e l  
c o u r s e  w i t h  a  f i n a l  i n c r e a s e  o f  103 p e r  c e n t .  S i m i l a r  
r e s u l t s  w e r e  o b t a i n e d  in  members o f  Groups  A, and  A2 
( r e s p e c t i v e l y ,  103 an d  111 p e r  c e n t  f o r  t h e  I RM; 101
and 104 per cent for the 10 RM).
B. I s o m e t r i c  e x e r c i s e s .  The s u b j e c t s  i n  Group B ( s i n g l e  
e x e r c i s e s )  I n c r e a s e d  t h e i r  maximum s t r e n g t h  t o  a  h i g h e r  
d e g r e e  (170 p e r  c e n t )  and  r e a c h e d  a  p l a t e a u  somewhat 
s o o n e r — a f t e r  s e v e n  w e e k s .  S u b j e c t s  in  Group C ( r e p e a t e d  
i s o m e t r i c  e x e r c i s e s )  t r i p l e d  t h e i r  maximum s t r e n g t h  (203 
p e r  c e n t  I n c r e a s e ) .
I I .  I n t e r g r o u p  C o m p a r i s o n .
A .  Time F a c t o r s .  Maximum s t r e n g t h  was r e c o r d e d  o n c e  p e r  
week d u r i n g  t h e  12 weeks  o f  t h e  e x p e r i m e n t .  In  I n c r e a s e s  
p e r  u n i t  o f  t i m e  Group B had  a  m ore  f a v o r a b l e  r e s u l t  t h a n  
d i d  Group  A. The r e s u l t s  i n  Group C w e re  e v e n  b e t t e r ,  b u t  
t h e r e  was n o t  a  r e a l  d i f f e r e n c e  b e t w e e n  G roups  C a n d  B, 
u n t i l  t h e  r e p e a t e d  w e r e  a d d e d  t o  Group  C. W i th  p r o g r e s s i o n  
Group C n o t  o n l y  r e a c h e d  t h e  l e v e l  o f  Group B b u t  e x c e e d e d  
i t  by a b o u t  10 p e r  c e n t .
40 I b i d .
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B. C ross  T e s t i n g .  Groups B and C showed an  I n c r e a s e  o f  
p e r f o r m a n c e  w i t h  I s o t o n i c  e x e r c i s e s  ( f o r  w h ich  t h e y  w ere  
n o t  t r a i n e d )  c o m p a r a b le  w i t h  o r  h i g h e r  t h a n  Groups A] 
and  A2 , t h e  l a t t e r  f a i l e d  t o  r e a c h  t h e  r e s u l t s  a c h i e v e d  
by e i t h e r  Group B o r  C u n d e r  c o n d i t i o n s  o f  I s o m e t r i c  
e x e r c i s e  (112 p e r  c e n t  I n s t e a d  o f  174 and  203 p e r  c e n t  
r e s p e c t i v e l y  f o r  Groups  B and C . )
C. E n d u r a n c e .  In  e n d u r a n c e  t h o s e  i n  Group C d i d  b e s t  and  
t h o s e  In Group Aj p e r f o r m e d  m o s t  p o o r l y .
D. H y p e r t r o p h y .  Only minimal c h a n g e s  o f  t h e  m u s c l e  volume 
w ere  f o u n d ,  and  h e r e  a g a i n  t h e  h i g h e s t  v a l u e s  w e re  fo und  
in  Group B. In s p i t e  o f  t h e  minimal ch an g e  In vo lum e ,  
a l m o s t  a l l  p e r s o n s  r e p o r t e d  a  s u b j e c t i v e l y  I n c r e a s e d  
f i r m n e s s  o f  t h e  e x e r c i s e d  h y p o t h e n a r  em in en ce  a f t e r  t h e  
e x p e r i m e n t  e n d e d .
E .  C o n t r a l a t e r a l  F i n d i n g s .  T h e re  was no s i g n i f i c a n t  t r a i n i n g  
e f f e c t s  on  t h e  c o n t r a l a t e r a l  ( u n e x e r c i s e d )  hand  w i t h  
e i t h e r  t h e  i s o t o n i c  o r  I s o m e t r i c  e x e r c i s e .  Thus t h e  1 RM 
on  t h e  r i g h t  hand  ( e x e r c i s e d )  was equa l  t o  t w i c e  t h e  1 RM 
found on  t h e  l e f t  hand  a t  t h e  e n d  o f  t h e  t r a i n i n g .
T h e r e  was n o t  a  s t a t i s t i c a l  t e s t  o f  t h e  d i f f e r e n c e  b e tw een  
any o f  t h e s e  I n t e r g r o u p  c o m p a r i s o n s .  The o n l y  s t a t i s t i c a l  t r e a t m e n t  
was t h e  com p u t in g  o f  p e r c e n t a g e s .
R ose ,  Radzyminsk i  and  B e a t t y  S t u d y . A c c o rd in g  t o  L I b e r s o n
4 2  43and A sa ,  Rose  and  c o - w o r k e r s  a t t e m p t e d  t o  a p p ly  t h e  method o f
H e t t i n g e r  and  M u l l e r  c l i n i c a l l y .
They a s k e d  t h e i r  s u b j e c t s  t o  l i f t  w i t h  t h e  q u a d r i c e p s  t h e  
g r e a t e s t  w e i g h t  t h e y  c o u l d  m a i n t a i n  f o r  f i v e  s e c o n d s  ( f rom 20
k ] I b i d . ,  p p .  8 3 3 - 3 5 .
42 L I b e r s o n  a n d  A sa ,  ojj. c i  t . , p p .  8 2 6 - 2 7 .
43 D. L .  R o se ,  S .  F .  R a d z y m ln s k l ,  and  R. R. B e a t t y ,  * t f f e c t  
o f  B r i e f  Maximal E x e r c i s e  on t h e  S t r e n g t h  o f  t h e  Q u a d r i c e p s  
F e m o r I s , 11 A r c h i v e s  P h y s i c a l  M e d ic in e  and  R e h a b i l i t a t i o n ,  3 8 : 1 5 7 ,  
1957.
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t o  5 2 . 5  p o u n d s ) .  D a l l y  I n c r e m e n t s  o f  I m p o u n d s  w e re  added  a t
c o n s e c u t i v e  s e s s i o n s  u n t i l  a  p l a t e a u  was r e a c h e d .  Improvement
i n  m u s c l e  s t r e n g t h  r a n g i n g  f rom  82 t o  162 p e r  c e n t  was o b s e r v e d
o v e r  p e r i o d s  o f  f rom  39 t o  90 d a y s .  When t h e  method was
a p p l i e d  t o  p a t i e n t s ,  t h e  I m p r e s s i o n  was g a i n e d  t h a t  s i m i l a r
r e s u l t s  c o u l d  be  o b t a i n e d  w i t h  e i t h e r  b r i e f  e x e r c i s e s  o r  t h e
DeLorme t e c h n i q u e .  The f i n d i n g s  o f  Rose  a n d  h i s  a s s o c i a t e s
may be  com pared  w i t h  t h o s e  o f  H e t t i n g e r  and  M u l l e r  i n  r e l a t i o n  t o  t h e
f o l l o w i n g  p o i n t s :
(1) No h y p e r t r o p h y  was f o u n d  by Rose a f t e r  b r i e f  e x e r c i s e s .  
H e t t i n g e r  fo u n d  a  c o n s t a n t  r e l a t i o n s h i p  b e tw ee n  m u s c l e  s t r e n g t h  
and  m u s c l e  c r o s s - s e c t i o n  d u r i n g  t h e  t r a i n i n g  p e r i o d .
(2) Rose o b t a i n e d  g a i n s  in  s y m m e t r i c a l  m u sc l e s  o f  t h e  unex­
e r c i s e d  e x t r e m i t i e s  a l m o s t  i d e n t i c a l  w i t h  t h o s e  o b t a i n e d  In t h e  
e x e r c i s e d  m u s c l e s  ( e x c e p t  when t h e  u p e x e r c i s e d  e x t r e m i t y  was i n
a  c a s t ) .  H e t t i n g e r  u s ed  s y m m e t r i c a l  m u s c l e s  t o  c h e c k  t h e  r e s u l t s  
o f  d i f f e r e n t  e x e r c i s e  s c h e d u l e s .
(3) No a t t e m p t  was made by Rose  t o  e v a l u a t e  t h e  e n d u r a n c e  
f a c t o r  in  s i n g l e  b r i e f  m u s c l e  c o n t r a c t i o n s .
Ls
R asch  and  M orehouse  S t u d y . R asch  and  M o r e h o u s e ' s  s t u d y  
was d e s i g n e d  t o  m e as u re  t h e  e f f e c t i v e n e s s  o f  i s o m e t r i c  an d  I s o t o n i c  
e x e r c i s e s  i n  t h e  d e v e lo p m e n t  o f  m u s c u l a r  s t r e n g t h ,  and  h y p e r t r o p h y .
The s u b j e c t s  f o r  t h i s  s t u d y  w e re  f o r t y - n i n e  s t u d e n t s  from 
t h e  j u n i o r  c l a s s  o f  t h e  C o l l e g e  o f  O s t e o p a t h i c  P h y s i c i a n s  and  
S u r g e o n s  in  Los A n g e l e s .  T w e n t y - f o u r  s u b j e c t s  p e r fo rm e d  I s o t o n i c  
e x e r c i s e s  and  tw e n ty —f i v e  s u b j e c t s  p e r f o r m e d  i s o m e t r i c  e x e r c i s e s .
Groups  w ere  m a tch ed  on b a s i s  o f  h e i g h t  and  w e i g h t .
)|<i
L i b e r s o n  and  A s a ,  l o c . c i t .
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P h i l i p  J .  Rasch  and  L a u r e n c e  E. M orehouse ,  " E f f e c t s  o f  
S t a t i c  and  Dynamic E x e r c i s e s  on M u s c u la r  S t r e n g t h  and H y p e r t r o p h y , "  
J o u r n a l  o f  A p p l i e d  P h y s i o l o g y , 1 1 : 2 5 ,  J u l y ,  1 9 57 .
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The m u s c l e  g r o u p s  e x e r c i s e d  w ere :  (1) e lbow  f l e x o r  g r o u p  and
(2) arm e l e v a t i o n  g r o u p .  T e s t s  o f  s t r e n g t h  w e re  p e r f o r m e d  b o t h  In  
a  p o s i t i o n  s i m i l a r  t o  t h a t  In w h i c h  s u b j e c t s  w ere  e x e r c i s e d  and  a l s o  
In  a n  u n f a m i l i a r  p o s i t i o n .  In  a d d i t i o n  a  t h i r d  t e s t  u s i n g  a d i f f e r e n t  
t e c h n i q u e  was u s e d .
The g i r t h  o f  t h e  u p p e r  arm was m e a s u r e d . a t  t h e  g r e a t e s t  
p r o m i n e n c e  o f  t h e  b i c e p s  when t h e  u p p e r  arm was r a i s e d  t o  s h o u l d e r  
h e i g h t ,  t h e  e lb o w  f l e x o r s  f u l l y  c o n t r a c t e d ,  and  t h e  p a lm  down.
S t r a i n  g a u g e  dynamometer  m e a s u r e m e n t s  o f  s t r e n g t h  were  
o b t a i n e d  by means o f  a  B aldwin  S R -4  lo a d  c e l l .
To m e a s u r e  e l b o w  f l e x i o n  s t r e n g t h ,  t h e  s u b j e c t  s t o o d  In  a  
e r e c t  p o s i t i o n  g r a s p i n g  a s t i r r u p  h a n d l e ,  p a lm  up, w h ic h  was c o n n e c t ­
e d  t h r o u g h  a  s e r i e s  o f  p u l l e y s  t o  a  s t r a i n  g a u g e  dy n am o m ete r .  H is  
f o r e a r m  an d  u p p e r  arm w e r e  p e r p e n d i c u l a r  t o  t h e  f l o o r ,  c l o s e  t o  h i s  
b o d y  b u t  n o t  b r a c e d  a g a i n s t  I t .
To m e a s u r e  arm e l e v a t i o n  s t r e n g t h ,  t h e  s u b j e c t  s t o o d  w i t h  t h e  
arm t o  be  t e s t e d  n e x t  t o  t h e  s t r a i n  g a u g e .  The u p p e r  a rm  was p e n d a n t  
f rom  t h e  s h o u l d e r ,  t h e  e lb o w  f l e x e d  and t h e  h a n d  t u r n e d  t o  mid­
p o s i t i o n  i n  t h e  normal s t a r t i n g  p o s i t i o n  a s s u m e d  by an  i n d i v i d u a l  
a b o u t  t o  p r e s s  a dum bbe l l  t o  a r m ' s  l e n g t h  o v e r h e a d .
To co m p are  t h e  e f f e c t  on s t r e n g t h  o f  c h a n g i n g  t h e  p o s i t i o n  o f  
t h e  s u b j e c t  f rom  t h a t  In  w h ich  h e  c u s t o m a r i l y  e x e r c i s e d  t o  one 
u n f a m i l i a r  t o  him', t h e  s u b j e c t  was t e s t e d  In  a  p o s i t i o n  I n  w hich  
t h e  s t r e n g t h  o f  t h e  e l b o w  f l e x o r s  c o u l d  be m e a s u r e d ,  b u t  one  In 
w h ic h  h e  d i d  n o t  e x e r c i s e  d u r i n g  t h e  t r a i n i n g  p e r i o d .  In  t h i s  t e s t  
t h e  s u b j e c t :
28
. . . l a y  s u p i n e  on a  p l i n t h ,  f e e t  b r a c e d  a g a i n s t  a  f o o t b o a r d ,  
kn ees  e x t e n d e d ,  u p p e r  arm on  t h e  p l i n t h ,  f o r e a r m  and  hand  a t  a n  
a n g l e  o f  100 d e g r e e s  m e as u re d  from t h e  p o s i t i o n  o f  t h e  hum erus ,  
hand  g r a s p i n g  t h e  s t i r r u p  h a n d l e .  Th© c a b l e  c o n n e c t i n g  th e  
h a n d l e  w i t h  t h e  l o a d  c e l l  was l e d  o v e r  a  w a l l  p u l l e y  a t  an  
a n g l e  o f  90 d e g r e e s  t o  t h e  s u b j e c t ' s  f o r e a r m .  The s u b j e c t  
t h e n  s t e a d i l y  c o n t r a c t e d  h i s  e lb o w  f l e x o r s  a s  s t r o n g l y  a s  
p o s s i b l e .
To d e t e r m i n e  t h e  e f f e c t  on s t r e n g t h  o f  c h a n g in g  t h e  method o f
t e s t i n g  t o  one  w h ic h  was n o t  p r a c t i c e d  d u r i n g  t h e  t r a i n i n g  p e r i o d ,  a
m o d i f i c a t i o n  o f  t h e  M a r t i n  t e s t  was e m ployed .
The s u b j e c t  l a y  s u p i n e  on a  p l i n t h ,  f e e t  b r a c e d  a g a i n s t  a 
f o o t - b o a r d ,  k n e es  e x t e n d e d ,  u p p e r  arm on t h e  p l i n t h ,  f o r e a r m  
a t  an  a n g l e  o f  80 d e g r e e s  a s  m e as u re d  from t h e  p o s i t i o n  o f  t h e  
humerus  and  t h e  hand  i n  l i n e  w i t h  t h e  f o r e a r m .  The s u b j e c t  
g r a s p e d  t h e  s t i r r u p  h a n d l e ,  t h e  end  o f  w h ich  was hooked  t o  a  
s p r i n g  b a l a n c e .  The i n v e s t i g a t o r  h e l d  t h e  h a n d l e  o f  t h e  b a l a n c e  
i n  one hand and  t h e  body o f  t h e  s p r i n g  b a l a n c e  in  t h e  o t h e r .  A t  
t h e  convnand, " r e a d y , " ^ t h e  s u b j e c t  m a x im a l ly  c o n t r a c t e d  t h e  e lbow  
f l e x o r s  a t  a  s t e a d y  f a t e .  S i m u l t a n e o u s l y ,  t h e  o p e r a t o r  p u l l e d  
on t h e  h a n d l e  o f  t h e  b a l a n c e  In  t h e  o p p o s i t e  h o r i z o n t a l  d i r e c ­
t i o n .  T e n s io n  was d e v e l o p e d  w i t h o u t  j e r k i n g  and  was s t e a d i l y  
i n c r e a s e d  u n t i l  t h e  r e s i s t a n c e  o f  t h e  s u b j e c t  was overcome 
and  th e  f o r e a r m  p u l l e d  I n t o  e x t e n s i o n .  A t  t h i s  b r e a k i n g  p o i n t  
t h e  command, " s t o p , "  was g i v e n  and  t h e  maximum r e a d i n g  on  t h e
s c a l e  r e c o r d e d . ^ 7
The t r a i n i n g  program  f o r  t h e  i s o t o n i c  g ro u p  c o n s i s t e d  o f
p r o g r e s s i v e  r e s i s t a n c e  e x e r c i s e s ,  w i t h  t h e  r e s i s t a n c e  f u r n i s h e d  by
pi a t e - l o a d i n g  d u m b b e l l s .
Each s u b j e c t  d e t e r m i n e d  t h e  w e i g h t s  w i t h  w h ich  h e  s o u l d  p e r f o r m  
a  maximum o f  f i v e  e lb o w  f l e x i o n s  ( c u r l s )  and  f i v e  arm e l e v a t i o n s  
( p r e s s e s ) .  The e x e r c i s e s  w e re  p e r f o r m e d  in  t h e  s t a n d i n g  
p o s i t i o n .  F i v e  s u c h  f l e x i o n s  o r  e l e v a t i o n s  c o n s t i t u t e d  a  s e t .
The e x e r c i s e  p e r i o d  c o n s i s t e d  o f  t h r e e  s e t s  o f  p r e s s e s  and  
t h r e e  o f  c u r l s ,  e a c h  s e t  b e in g  f o l l o w e d  by  a  3- m i n u t e  r e s t  
p e r i o d .  The l e n g t h  o f  t h e s e  r e s t  p a u s e s  was fo u n d  t o  b e
^ I b l d . ,  p .  3 0 .
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o p t im a l  by  C l a r k e ,  Shay  and  Mathews . . . Loads w e re  I n c r e a s e d  
fn  a c c o r d a n c e  w i t h  t h e  s u b j e c t ' s  Improved a b i l i t y  t o  move them .  
E x e r c i s e s  w e r e  p r a c t i c e d  3 d ay s  a  week:  Monday, Wednesday  an d  
F r i d a y .  Each  Wednesday t h e  g i r t h  o f  t h e  f l e x e d  u p p e r  arm o f  
e a c h  s u b j e c t  was m e a s u r e d  a n d  t h e  s t r e n g t h  o f  t h e  f l e x o r s  and  ^  
arm e l e v a t o r s  was t e s t e d  by u s e  o f  t h e  s t r a i n  g a u g e  dy n am o m ete r .
The t r a i n i n g  p ro g r a m  f o r  t h e  I s o m e t r i c  g r o u p  was d e t e r m i n e d  a s  
f o l  1 ow s :
P r e l i m i n a r y  o b s e r v a t i o n  shew ed  t h a t  s u b j e c t s  in  t h e  I s o t o n i c  
g r o u p  r e q u i r e d  a b o u t  15 s e c o n d s  t o  c o m p l e t e  a  s i n g l e  s e t  o f  
I s o t o n i c  e x e r c i s e s  an d  t h a t  t h e y  a r b i t r a r i l y  s e l e c t e d  a  w e i g h t  
e q u a l  t o  a p p r o x i m a t e l y  t w o - t h i r d s  o f  t h e  am ount  r e q u i r e d  t o  
p e r f o r m  a  s i n g l e  movement .  On t h i s  b a s i s  a  t r a i n i n g  p r o g r a m  
w h ich  c o n s i s t e d  o f  t h e  s u b j e c t ' s  e x e r t i n g  and  m a i n t a i n i n g  f o r  
15 s e c o n d s  a n  i s o m e t r i c  s t r a i n  e q u a l  t o  t w o - t h i r d s  o f  h i s  
maximum s t r e n g t h  was e s t a b l i s h e d  f o r  t h e  I s o m e t r i c  g r o u p .
The p o s i t i o n s  a ssu m ed  f o r  t h e s e  e x e r c i s e s  w e re  I d e n t i c a l  t o  
t h o s e  a s su m e d  f o r  t h e  s t r a i n  g a u g e  t e s t s .  The s u b j e c t s  p e r ­
fo rmed  t h r e e  I s o m e t r i c  e lb o w  f l e x i o n s  ( c u r l s ) ,  e a c h  s e p a r a t e d  
by a  3 ~ m ln u te  r e s t  p e r i o d .  The e f f o r t  was n o t  p e r f e c t l y  
i s o m e t r i c  b u t  n e a r l y  s o ,  s i n c e ,  a s  a  r e s u l t  o f  c o m p r e s s i o n  o f  
t h e  s p r i n g  I n  t h e  s c a l e ,  a s t r a i n  o f  70 pounds  a g a i n s t  t h e  s c a l e  
p r o d u c e d  a  movement o f  l e s s  t h a n  Jr I n c h .
The s u b j e c t s  t r a i n e d  on Monday, Wednesday and  F r i d a y .  They 
w e re  t e s t e d  on  t h e  s t r a i n  g a u g e  e a c h  Monday and  d u r i n g  t h e  t h r e e  
w e e k ly  t r a i n i n g  p e r i o d s  u s e d  t w o - t h i r d s  o f  t h e  t e n s i o n  r e c o r d e d .  
T e n s i o n  was t h u s  I n c r e a s e d  in  a c c o r d a n c e  w i t h  I n c r e a s e s  In  
s t r e n g t h  a s  a  r e s u l t  o f  t r a i n i n g .  N e i t h e r  t h e  s u p i n e  n o r  M a r t i n  
t y p e  e x e r c i s e  was p e r f o r m e d  d u r i n g  t h e  t r a i n i n g  p e r i o d .  °
The E x p e r i m e n t e r s  r e p o r t  t h e  f o l l o w i n g  r e s u l t s :
( 1) I n  t h e  e lb o w  f l e x i o n  e x e r c i s e s ,  t h e  mean s t r e n g t h  f o r  
t h e  i s o t o n i c  g r o u p  s i g n i f i c a n t l y  i n c r e a s e d  by 1 ^ . 3 8  p o u n d s  In  
t h e  e x e r c i s e d  arm and  1 1 . 5 8  I n  t h e  u n p r a c t i c e d  c o n t r a l a t e r a l  
a rm .  However I n  t h e  i s o m e t r i c  g r o u p  t h e r e  w e re  no  s i g n i f i c a n t  
c h a n g e s  i n  s t r e n g t h  In  e i t h e r  t h e  e x e r c i s e d  arm o r  In  t h e  
u n p r a c t i c e d  c o n t r a l a t e r a l  l i m b .
4 8 l b l d .
ifr9 l b l d . ,  p .  3 1 .
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D u r in g  t h e  r e s t  p e r i o d  t h e r e  was a  s i g n i f i c a n t  mean I n c r e a s e  
o f  1 . 9 2  pounds  In  t h e  s t r e n g t h  o f  t h e  u n p r a c t i c e d  c o n t r a l a t e r a l  
arm In  t h e  I s o t o n i c  g r o u p ,  and. no  s i g n i f i c a n t  c h a n g e  in  s t r e n g t h  
In t h e . e x e r c i s e d  arm was r e c o r d e d .
In  t h e  i s o m e t r i c  g r o u p  t h e  e x e r c i s e d  arm showed n o n s i g n i f i c a n t  
l o s s e s  a f t e r  t h e  r e s t  p e r i o d .
(2) In t h e  a rm e l e v a t o r  e x e r c i s e s ,  t h e  s u b j e c t s  I n  t h e  I s o t o n i c  
g r o u p  showed a s i g n i f i c a n t  mean i n c r e a s e  o f  2 5 .3 3  pounds  In  
s t r e n g t h  i n  t h e  e x e r c i s e d  arm and  2 4 . 5 4  pounds  In  t h e  u n p r a c t i c e d  
c o n t r a l a t e r a l  a rm .  The I s o m e t r i c  g r o u p  showed a  s i g n i f i c a n t
mean i n c r e a s e  o f  1 2 . 8 8  pounds  In  s t r e n g t h  I n  t h e  e x e r c i s e d  arm 
and  a  n o n s i g n i f i c a n t  mean I n c r e a s e  o f  7 . 9 2  pounds  In  t h e  c o n t r a ­
l a t e r a l  a r m .  A t  t h e  e n d  o f  t h e  r e s t - p e r i o d  t h e  mean s t r e n g t h  o f  
t h e  i s o t o n i c  g r o u p  showed no  s i g n i f i c a n t  c h a n g e ;  h o w e v e r ,  t h e  
mean s t r e n g t h  i n  t h e  i s o m e t r i c  g r o u p  d e c r e a s e d  s i g n i f i c a n t l y  
by 1 1 .6 4  pounds  In  t h e  e x e r c i s e d  a rm,  b u t  no s i g n i f i c a n t  c h a n g e  
was n o t e d  i n  t h e  u n e x e r c i s e d  a rm .
(3) The c h a n g e s  In  s t r e n g t h  r e c o r d e d  d u r i n g  t h e  u n p r a c t f c e d  
t e s t s  p r e s e n t e d  a  v e r y  d i f f e r e n t  p i c t u r e .  In  t h e  s u p i n e  e lb o w  
f l e x i o n  t e s t  s u b j e c t s  i n  t h e  i s o t o n i c  g r o u p  showed a  s i g n i f i c a n t  
mean I n c r e a s e  o f  3 . 3 7  pounds  i n  s t r e n g t h  In t h e  e x e r c i s e d  arm 
and  2 .8 3  pounds  i n  t h e  u n p r a c t i c e d  c o n t r a l a t e r a l  a r m .  S u b j e c t s  
in  t h e  i s o m e t r i c  g r o u p  showed no  s i g n i f i c a n t  i n c r e a s e s .  A f t e r  
t h e  r e s t  p e r i o d ,  t h e  I s o t o n i c  g r o u p  showed s i g n i f i c a n t  mean 
i n c r e a s e s  o f  4 . 9 6  pounds  i n  s t r e n g t h  i n  t h e  e x e r c i s e d  arm and  
4 . 1 9  pounds  In  t h e  u n p r a c t i c e d  c o n t r a l a t e r a l  a rm .  The i s o m e t r i c  
g r o u p  showed no s i g n i f i c a n t  i n c r e a s e s  in  s t r e n g t h  i n  e i t h e r  t h e  
e x e r c i s e d  o r  t h e  c o n t r a l a t e r a l  a rm .
(4) In  t h e  m o d i f i e d  M a r t i n  t e s t ,  i n  w h ich  t h e  s u b j e c t s  
r e s i s t e d  t h e  p u l l  o f  a  s p r i n g  s c a l e  a g a i n s t  t h e  p a r t i a l l y  
f l e x e d  e lb o w ,  b o t h  g r o u p s  showed s i g n i f i c a n t  mean i n c r e a s e s  in  
s t r e n g t h  f o l l o w i n g  e x e r c i s e ,  i n  t h e  i s o t o n i c  g r o u p  t h e r e  was a  
mean I n c r e a s e  o f  5 .0 0  pounds  In  t h e  s t r e n g t h  o f  t h e  e x e r c i s e d  
arm and  2 . 8 3  pounds  i n  t h e  u n p r a c t i c e d  c o n t r a l a t e r a l  l i m b .  A t  
t h e  end  o f  t h e  r e s t  p e r i o d ,  n e i t h e r  t h e  i s o t o n i c  n o r  t h e  I s o m e t r i c  
g r o u p  showed s i g n i f i c a n t  c h a n g e s  i n  s t r e n g t h  I n  t h e  e x e r c i s e d  
a r m ,  b u t  t h e  i s o t o n i c  g r p u p  showed a  s i g n i f i c a n t  i n c r e a s e  In t h e  
s t r e n g t h  o f  t h e  c o n t r a l a t e r a l  l i m b .
(5) H y p e r t r o p h y :  As a  r e s u l t  o f  t h e  p i  bow f l e x i o n  a n d  arm 
e l e v a t i o n  e x e r c i s e s ,  t h e  mean h y p e r t r o p h y  o f  t h e  e x e r c i s e d  arm 
I n c r e a s e d  s i g n i f i c a n t l y  In  b o t h  g r o u p s .  T h e r e  was a n  I n c r e a s e  
o f  1 .2 2  cm In  t h e  g i r t h  o f  t h e  f u l l y  f l e x e d  u p p e r  a rm  and  an  
i n c r e a s e  o f  0 . 3 4  cm I n  t h e  u n p r a c t i c e d  c o n t r a l a t e r a l  a r m .  In 
t h e  I s o m e t r i c  g r o u p  t h e r e  was  a  mean i n c r e a s e  o f  0 .5 9  cm i n  
t h e  g i r t h  o f  t h e  e x e r c i s e d  arm and a  mean I n c r e a s e  o f  0 . 4 0  cm 
In  t h e  u n p r a c t i c e d  c o n t r a l a t e r a l  a rm .  A t  t h e  end  o f  t h e  r e s t
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p e r i o d  t h e r e  w e re  s i g n i f i c a n t  c h a n g e s  In  t h e  g i r t h  m e a s u r e ­
m en ts  i n  t h e  i s o t o n i c  g r o u p .  The g i r t h  o f  t h e  e x e r c i s e d  arm 
d e c r e a s e d  a  mean o f  0 .6 0  cm, w h e r e a s  t h e  g i r t h  o f  t h e  u n p r a c t i c e d  
c o n t r a l a t e r a l  l im b  d e c r e a s e d  a  mean o f  o n l y  0 .1 5  cm. In  t h e  
i s o m e t r i c  g r o u p  t h e r e  w ere  no  s i g n i f i c a n t  c h a n g e s  in  t h e  g i r t h  
o f  t h e  e x e r c i s e d  arm; how ever ,  t h e  g i r t h  o f  t h e  c o n t r a l a t e r a l  
arm I n c r e a s e d  a mean o f  0 . 1 8  cm, w hich  was s i g n i f i c a n t . ^
51H ealy  S t u d y . A l f r e d  H e a l y ' s  s t u d y  was d e s i g n e d  t o  compare  
t h e  s t r e n g t h  and  t h e  r a n g e  o f  m o t io n  d e v e lo p e d  by i s o m e t r i c  and  
i s o t o n i c  p rog ram s  f o r  c h i l d r e n  a f f l i c t e d  w i t h  t h e  s p a s t i c  t y p e  o f  
c e r e b r a l  p a l s y .
He u sed  f i v e  b o y s ,  who ra n g e d  i n  age  from 8 t o  16 y e a r s ,  a s  
s u b j e c t s  in  h i s  s t u d y .  B o th  t h e  I s o m e t r i c  and  I s o t o n i c  p rogram s  
w ere  a d m i n i s t e r e d  t o  e a c h  s u b j e c t - o n e  program t o  eac h  l e g .  In  b o t h  
e x e r c i s e  p r o g r a m s ,  w a l l - t y p e  p u l l e y  w e i g h t s  w e re  u s e d ,  w i t h  t h e  
p u l l e y  ro p e  a t t a c h e d  t o  t h e  a n k l e  o f  t h e  s u b j e c t .  The s u b j e c t ,  
s e a t e d  on  a t a b l e ,  e x e r c i s e d  t h e  m o s t  a f f l i c t e d  l e g  by e x t e n d i n g  
I t  a g a i n s t  t h e  r e s i s t a n c e  o f f e r e d  by t h e  p u l l e y - w e i g h t s .
DeLorme1s " p r o g r e s s i v e  r e s i s t a n c e  e x e r c i s e s "  were  u s ed  a s  
t h e  i s o t o n i c  p ro g r a m .  D ur ing  e a c h  d a i l y  s e s s i o n  e ach  s u b j e c t  
p e r f o r m e d  t h i r t y  e x e c u t i o n s  a s  f o l l o w s :
F i r s t  s e t  o f  10 e x e c u t i o n s :  Use £  o f  10 E.M.
Second s e t  o f  10 e x e c u t i o n s :  Use  3 A  o f  10 E.M.
T h i r d  s e t  o f  10 e x e c u t i o n s :  Use 10 E.M.
A t h r e e - m i n u t e  r e s t  was a l l o w e d  b e tw ee n  one s e t  and  t h e  n e x t .
5° ] b i d . ,  p p .  3 1 - 3 2 .
■ ^ A l f r e d  H e a ly ,  "Two Methods o f  W e i g h t - T r a i n i n g  f o r  C h i l d r e n  
w i t h  S p a s t i c  Type o f  C e r e b r a l  P a l s y . "  R e s e a r c h  Q u a r t e r l y , 2 9 : 3 8 9 " 9 5 ,  
December ,  1958.
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F o r  t h e  i s g m e t r i c  p ro g ram ,  t h e  i n v e s t i g a t o r  d e t e r m i n e d  t h e  
w e ig h t  w i t h  which t h e  s u b j e c t  c o u l d  p e r f o r m  a  maximum o f  one e x e c u t i o n ,  
c a r r y i n g  t h e  lower  l e g  t o  maximum e x t e n s i o n .  The i s o m e t r i c  d a i l y  
p rogram c o n s i s t e d  o f  one  l i f t  f o r  which  t w o - t h i r d s  o f  t h e  on e -  
e x e c u t i o n  maximum was u s e d .  T h i s  w e i g h t  was c a r r i e d  f rom  th e  
s t a r t i n g  p o s i t i o n  t o  maximum e x t e n s i o n ,  h e l d  i n  t h i s  p o s i t i o n  f o r  
s i x  s e c o n d s ,  and t h e n  r e t u r n e d  t o  t h e  s t a r t i n g  p o s i t i o n .
B o th  p rog ram s  w e re  a d m i n i s t e r e d  t o  t h e  f i v e  s u b j e c t s  t h r e e  
t im e s  a week f o r  e i g h t  w e ek s .  The o n e -  and t e n - e x e c u t i o n  maximums 
were  r e d e t e r m i n e d  a f t e r  e v e r y  s i x t h  d a i l y  w o r k o u t .
T e s t s  t o  d e t e r m i n e  t h e  s t r e n g t h  o f  t h e  e x t e n s o r  m u s c l e s  o f  
t h e  lower l e g  and r a n g e - o f - m o t i o n  a t  t h e  t i b i o f e m o r a l  j o i n t  were  
a d m i n i s t e r e d  t o  al  1 s u b j e c t s  a t  t h e  b e g i n n i n g  o f  th e  e i g h t - w e e k  
p e r i o d ,  a f t e r  e v e r y  s i x t h  d a i l y  w o r k o u t ,  and  a t  t h e  c o n c l u s i o n  o f  
t h e  e i g h t - w e e k  p e r i o d .  A s p r i n g  s c a l e  was t h e  i n s t r u m e n t  used  in  
t h e  s t r e n g t h  t e s t s ,  a n d  a  g o n i o m e t e r  was u s e d  f o r  t h e  r a n g e - o f r m o t l o n  
m e a s u r e m e n t s .
The p a t i e n t s  In  b o t h  t h e  i s o m e t r i c  and  I s o t o n i c  g r o u p s
showed s t a t i s t i c a l l y  s i g n i f i c a n t  i n c r e a s e s  in  s t r e n g t h  an d  r a n g e -
o f - m o t f o n  o v e r  th e  p ro g ram  p e r i o d  o f  e i g h t  w e e k s .  The d i f f e r e n c e s
b e tw een  t h e  g a i n s  f o r  b o t h  s t r e n g t h  and r a n g e - o f - m o t i o n  when t h e
52two methods  a r e  com pared  I s  n o t  s t a t i s t i c a l l y  s i g n i f i c a n t .
The a u t h o r  o f f e r s  t h e  f o l l o w i n g  c r i t i c i s m s  o f  h i s  s t u d y :
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The f a c t o r s  t h a t  I n f l u e n c e  t h e  p h y s i c a l  p e r fo rm a n c e  o f  a 
h a n d ic a p p e d  c h i l d  a r e  d i f f i c u l t  t o  c o n t r o l .  Two f a c t o r s  t h a t  
may have i n f l u e n c e d  t h e  r e s u l t s  o f  t h e  p r e s e n t  s t u d y  a r e  
p r e s e n t e d  h e r e .
The w e i g h t - t r a i n i n g  programs were  a p p l i e d  t o  s e p a r a t e  l egs  
on t h e  same I n d i v i d u a l .  T h e r e f o r e ,  t h e  I n f l u e n c i n g  f a c t o r  o f  
t h e  dominant  c e r e b r a l  h em isp h e re  m ig h t  have  r e s u l t e d  In s u p e r i o r  
r e s u l t s  b e in g  o b t a i n e d  f o r  th e  dominant  l e g .  S i n c e  t h e  p h y s l c a l -  
deve lopm ent  c u rv e  o f  h a n d icap p ed  c h i l d r e n  I s  n o t  one o f  a 
u n i f o r m ly  s t e a d y  i n c r e a s e  when th e y  p a r t i c i p a t e  In  an  I n t e n s i f i e d -  
r e h a b i 11t a t l o n  program, t h e r e  i s  a l s o  t h e  p o s s i b i l i t y  t h a t  they  
had a p r e d i s p o s i t i o n  t o  e x h i b i t  s u c c e s s  in  t h i s  p a r t i c u l a r  
e x p e r im e n t  b e ca u se  th e y  were  in  an  a c c e l e r a t e d  deve lopm enta l  
p e r i o d .
The f a c t  t h a t  t h e  r e s u l t s  o f  t h i s  s t u d y  may n o t  be a t t r i b u t e d  
s o l e l y  t o  t h e  w e i g h t - t r a i n i n g  program does  n o t  n e g a t e  I t s  v a l u e .
I t  remains  f o r  o t h e r  I n v e s t i g a t o r s  t o  d e t e r m in e  wha t  p a r t  o f  
t h e  t o t a l  c o n t r i b u t i o n  i s  made by t h e  numerous f a c t o r s  which 
i n f l u e n c e  th e  deve lopm en t  o f  s t r e n g t h .  I f  th e  Invo lvement  o f  a 
c e r e b r a l  p a l s i e d  s p a s t i c  w i l l  p e r m i t  him t o  p a r t i c i p a t e  In a 
w e i g h t - t r a i n i n g  program ,  t h e  a u t h o r  I s  co n v in ce d  t h a t  s t r e n g t h  
g a i n s  w i l l  be  a c h i e v e d  by u s in g  e i t h e r  s t a t i c - c o n t r a c t l o n s  o r  
c o n c e n t r l c - c o n t r a c t l o n s .53
54Lorback  S t u d y . L o r b a c k ' s  s t u d y  compared t h e  e f f e c t i v e n e s s  
o f  s h o r t  p e r i o d s  o f  s t a t i c  c o n t r a c t i o n  to  s t a n d a r d  w e ig h t  t r a i n i n g  
p r o c e d u r e s .  His i s o m e t r i c  t r a i n i n g  program c o n s i s t e d  o f  a  two- 
t h i r d s  o f  maximum s t a t i c  c o n t r a c t i o n  h e l d  f o r  s i x  seconds  once p e r  
t r a i n i n g  p e r i o d .
S i x t y  male  s u b j e c t s  were  s e l e c t e d  from a g roup  o f  n i n e t y - f o u r  
s t u d e n t s  e n r o l l e d  In w e i g h t  l i f t i n g  s e c t i o n s  o f  t h e  r e q u i r e d  p h y s i c a l
53 l b l d . ,  p p .  3 9 4 -9 5 .
54M elv in  M. Lorback ,  "A S tudy Comparing t h e  E f f e c t i v e n e s s  o f  
S h o r t  P e r i o d s  o f  S t a t i c  C o n t r a c t i o n  t o  S t a n d a r d  Weight  T r a i n i n g  
P r o c e d u r e s  In t h e  Development o f  S t r e n g t h  and  Muscle  G i r t h , "  
(M icrocarded  M a s t e r ' s  t h e s i s ,  P e n n s y l v a n i a  S t a t e  U n i v e r s i t y ,  June ,
1955, )  86 pp .
e d u c a t i o n  program a t  t h e  P e n n s y lv a n i a  S t a t e  U n i v e r s i t y .  These 
s t u d e n t s  were d i v i d e d  I n t o  two e q u a te d  g roups  o f  t h i r t y  s u b j e c t s  
each  on t h e  b a s i s  o f  i n i t i a l  g r i p  s t r e n g t h .
The m uscle  g roups  t e s t e d  were t h o s e  Invo lved  In r i g h t  and 
l e f t  hand g r i p  s t r e n g t h ,  neck f l e x i o n ,  r i g h t  and l e f t  e lbow f l e x i o n  
and e x t e n s i o n ,  r i g h t  and l e f t  knee f l e x i o n  and e x t e n s i o n .  G r ip  
s t r e n g t h  was t e s t e d  by use  o f  hand dynamometers;  knee e x t e n s i o n  by 
a  back  and le g  dynamometer;  neck  f l e x i o n ,  elbow f l e x i o n  and 
e x t e n s i o n  and knee f l e x i o n  by u se  o f  a p u l l i n g  assem bly  and  a 
t e n s i o m e t e r .  The g i r t h  o f  each  s u b j e c t ' s  neck ,  r i g h t  and l e f t  
b i c e p s ,  t h i g h s  and c a l v e s  was m easu red .  A f t e r  t h e  g roups  had been 
e q u a t e d ,  one g roup  was d e s i g n a t e d  Group A, and t h e  o t h e r  Group B.
Group A t r a i n e d  w i th  w e i g h t s ,  r e p e a t i n g  th e  c o n t r a c t i o n s  
in v o lv e d  In each  e x e r c i s e  ten  t im es  p e r  t r a i n i n g  p e r i o d .  For t h e  
hand f l e x i o n  e x e r c i s e ,  Group A s q u eezed  hand e x e r c i s e r s  as  h a r d  as 
p o s s i b l e  f o r  t e n  r e p e t i t i o n s .  For neck f l e x i o n ,  r e p e a t e d  c o n t r a c ­
t i o n s  were c a r r i e d  o u t  a g a i n s t  a w e i g h t  a t t a c h e d  t o  a  h a r n e s s  which 
f i t t e d  over  t h e  h e a d .  For e lbow f l e x i o n  and e x t e n s i o n ,  b i c e p s  
c u r l s  were p r a c t i c e d  w i t h  a  b a r b e l l .  For knee f l e x i o n  and  e x t e n s i o n ,  
deep knee bends were  done w i th  a b a r b e l l  r e s t i n g  on th e  s h o u l d e r s .  
Group A t r a i n e d  w i th  r e s i s t a n c e  l o a d s  which r e q u i r e d  them t o  e x e r t  
their* f u l l  e f f o r t s  t o  com p le te  t e n  r e p e t i t i o n s  f o r  e ach  muscle  
g r o u p .
Group B t r a i n e d  u s i n g  c o n t r a c t i l e  p u l l s  a t  t w o - t h i r d s  o f  
t h e i r  t e s t e d  maximum s t r e n g t h  f o r  s i x  s eco n d s  o n ly ,  p e r  m usc le  g ro u p ,  
p e r  t r a i n i n g  p e r i o d .  They used  t h e  same a p p a r a t u s  and p r o c e d u r e s  as
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w ere  u s e d  i n  t e s t i n g .  Each s u b j e c t  In b o th  g ro u p s  t r a i n e d  t h r e e  
t i m e s  p e r  week.
The e x p e r i m e n t a l  t im e  p e r i o d  o f  t w e l v e  weeks i n c l u d e d  two 
weeks f o r  p r e l i m i n a r y  t e s t i n g  and  e q u a t i n g  t h e  two g r o u p s ,  e i g h t  
weeks  f o r  t r a i n i n g  and  one  week e a c h  f o r  i n t e r m e d i a t e  and  f i n a l  
t e s t i n g .  The i n t e r m e d i a t e  t e s t  was a d m i n i s t e r e d  a t  t h e  end  o f  t h e  
f o u r t h  week o f  t h e  e x p e r i m e n t  t o  d e t e r m i n e  t h e  amount o f  s t r e n g t h  
g a i n e d ,  i f  a n y ,  by e a c h  m u s c l e  g r o u p .  When t h e  r e s u l t s  showed an 
i n c r e a s e  i n  s t r e n g t h ,  t h e  r e s i s t a n c e s  f o r  Group 8 w e re  a d j u s t e d  t o  
t w o - t h i r d s  o f  t h e  new maximum. A t  t h e  end  o f  t h e  e i g h t h  week o f  
t r a i n i n g ,  a l l  s u b j e c t s  w e re  a g a i n  t e s t e d  and m e asu re d ,  u s i n g  t h e  
same p r o c e d u r e s  a s  In t h e  p r e l i m i n a r y  t e s t .  The r e s u l t s  o f  a l l  
t e s t s  and  m easu rem en ts  w e re  r e c o r d e d  f o r  e a c h  s u b j e c t .
The d a t a  w ere  a n a l y z e d  t o  d e t e r m i n e  t h e  amount o f  improve­
ment e a c h  g r o u p  made be tw een  t h e  p r e l i m i n a r y  and  f i n a l  t e s t s ;  and 
t o  compare  t h e  amount  o f  improvement made by Group A t o  t h e  amount 
o f  improvement  made by Group B.
A f t e r  a n a l y z i n g  h i s  d a t a ,  t h e  i n v e s t i g a t o r  was a b l e  t o  
r e p o r t  t h e s e  f i n d i n g s :
1.  Both  g ro u p s  g a i n e d  s i g n i f i c a n t l y  i n  m u s c l e  g i r t h .
2 .  T h e re  was no s i g n i f i c a n t  d i f f e r e n c e  b e tw ee n  t h e  two 
g r o u p s  In g i r t h  o f  any  o f  t h e  m u s c l e  g r o u p s  m easu red  in  t h e  
f i n a l  t e s t .
3 .  Both g r o u p s  g a i n e d  s i g n i f i c a n t l y  In  s t r e n g t h  i n d i c a t i n g  
t h a t  b o t h  t r a i n i n g  p ro g r am s  w e r e  e f f e c t i v e  f o r  d e v e l o p i n g  
s t r e n g t h  o f  t h e  m u s c l e  g r o u p s  i n v o l v e d .
h .  The two m ethods  o f  s t r e n g t h  t r a i n i n g  w ere  a p p r o x i m a t e l y  
e q u a l  i n  e f f e c t i v e n e s s  w i t h  t h e  e x c e p t i o n  o f  knee  f l e x i o n .
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Group B, u t i l i z i n g  the  t w o - t h i r d s  maximum c o n t r a c t i o n  method f o r  
s i x  seconds  p e r  t r a i n i n g  p e r i o d ,  g a in e d  a s i g n i f i c a n t l y  g r e a t e r  
amount o f  s t r e n g t h  th a n  d id  Group A in  th e  muscle  groups Invo lved  
in  knee f l e x i o n .  The i n v e s t i g a t o r  d id  n o t  p l a c e  g r e a t  Importance  
on t h i s  f i n d i n g  as deep knee bends  a r e  no t  g e n e r a l l y  a c c e p te d  as  
an a d eq u a te  e x e r c i s e  f o r  knee f l e x i o n ,  in  t h a t  t h e  r a i s i n g  and  
low er ing  p f  th e  w e ig h t  i s  p r i m a r i l y  a f u n c t i o n  o f  t h e  e x t e n s i o r  
muscles
IV. SUMMARY
S ix t e e n  s t u d i e s  were reviewed in t h i s  c h a p t e r  i n v e s t i g a t i n g  
th e  e f f e c t s  o f  v a r i o u s  methods o f  I s o m e t r i c  and i s o t o n i c  e x e r c i s e s .
Nine o f  th e  s t u d i e s  reviewed were concerned  o n ly  w i th  i s o m e t r i c  
e x e r c i s e s .  In t h e s e  s t u d i e s  seven  i n v e s t i g a t o r s  conc luded  t h a t  
s i g n i f i c a n t  In c r e a s e s  in muscle  s t r e n g t h  may be o b t a i n e d  th rough  t h e  
u se  o f  i s o m e t r i c  e x e r c i s e s .  One o f  t h e s e  s t u d i e s  was concerned  o n ly  
w i th  t h e  m a in tenance  o f  newly a c q u i r e d  s t r e n g t h .  In t h i s  ca se  I t  
was found t h a t  I s o m e t r i c  c o n t r a c t i o n s  a r e  e f f e c t i v e  In m a in t a in in g  
a newly a c q u i r e d  s t r e n g t h  l e v e l  when e x e r c i s e d  once e v e r y  two w eeks .
In a n o t h e r  s tu d y  i t  was conc luded  t h a t  I s o m e t r i c  c o n t r a c t i o n s  o f  t h e  
abdominal muscles  a r e  e f f e c t i v e  In red u c in g  t h e  w a i s t l i n e  of c o l l e g e  
women.
Seven s t u d i e s  compared the  e f f e c t s  o f  I s o m e t r i c  e x e r c i s e s  w i th  
I s o t o n i c  e x e r c i s e s .  F ive  o f  t h e s e  I n v e s t i g a t o r s  conc luded  t h a t  
i s o m e t r i c  and i s o t o n i c  e x e r c i s e s  were  e q u a l l y  e f f e c t i v e .  Two i n v e s t i ­
g a t o r s  concluded  t h a t  the  r e s u l t s  o b t a i n e d  th rough  I s o t o n i c  e x e r c i s e s  
were s l i g h t l y  s u p e r i o r  t o  th o s e  o b t a i n e d  th rough  I s o m e t r i c  e x e r c i s e s .
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CHAPTER ( I I
DESCRIPTION OF PROCEDURE
I .  INTRODUCTION
A t w o - f a c t o r  e x p e r i m e n t a l  d e s ig n  was u s ed  in  t h i s  s t u d y .
The two f a c t o r s  i n v e s t i g a t e d  were  method o f  e x e r c i s e  and 
f r e q u e n c y  o f  e x e r c i s e .  The two methods o f  e x e r c i s e  s t u d i e d  
were i s o m e t r i c  and i s o t o n i c  and were  compared f o r  t h e i r  e f f e c t i v e ­
n e ss  when employed a t  f r e q u e n c i e s  o f  f i v e ,  t h r e e ,  and two days 
p e r  week.  S i x  e x p e r i m e n t a l  g ro u p s  c o n s i s t i n g  o f  f i f t e e n  s u b j e c t s  
each  were u s e d .  Three  e x p e r im e n t a l  g roups  u sed  I s o m e t r i c  e x e r c i s e s  
and t h r e e  e x p e r im e n t a l  g roups  u sed  i s o t o n i c  e x e r c i s e s .  The s i x  
e x p e r i m e n t a l  g roups  w e re  numbered a s  f o l l o w s :
Frequency  I s o m e t r i c  Method I s o t o n i c  Method
5 days p e r  week Group I Group II
3 days  p e r  week Group I I I  Group IV
2 days p e r  week Group V Group VI
Groups I and II  f o l l o w e d  an i s o m e t r i c  and  I s o t o n i c  t r a i n i n g  
s c h e d u l e  f i v e  days a  w eek .  Groups 111 and IV fo l lo w e d  an i s o m e t r i c  
and  I s o t o n i c  s c h e d u le  t h r e e  days a  week. Groups V and VI fo l l o w e d  
an  i s o m e t r i c  and i s o t o n i c  s c h e d u le  two days a week.  The d u r a t i o n  
o f  a l l  s i x  t r a i n i n g  programs was s i x  weeks .
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I I .  SELECTIOK OF SUBJECTS
S u b j e c t s  u s e d  i n  t h i s  e x p e r i m e n t  w e re  n i n e t y  m a l e  s t u d e n t s  
e n r o l l e d  i n  t h e  p h y s i c a l  e d u c a t i o n  a c t i v i t y  p rogram a t  L o u i s i a n a  
S t a t e  U n i v e r s i t y .  The s u b j e c t s  w e r e  n a i v e  r e g a r d i n g  e x e r c i s e  
p rog ram s  an d  e x p e r i m e n t s  o f  t h i s  t y p e .  They ranged  In  ag e  from 
s e v e n t e e n  t o  t w e n t y - f i v e  y e a r s ,  w i t h  a mean a g e  o f  e i g h t e e n .
The d a t a  f o r  e x p e r i m e n t a l  g r o u p  I w e r e  c o l l e c t e d  d u r in g  
t h e  1958 summer s e s s i o n .  In a d d i t i o n  t o  t h e  I s o m e t r i c  t r a i n i n g  
p ro g ram ,  t h e  s u b j e c t s  p a r t i c i p a t e d  In  t h e i r  r e g u l a r l y  a s s i g n e d  
g o l f  o r  t e n n i s  c l a s s .  The d a t a  f o r  e x p e r i m e n t a l  g ro u p  II  were 
c o l l e c t e d  d u r i n g  t h e  1959 summer s e s s i o n .  The s u b j e c t s  i n  t h i s  
g r o u p  w e re  e n r o l l e d  in  w e i g h t  l i f t i n g  c l a s s e s ,  formed a s  a  p a r t  
o f  th e  r e g u l a r  p h y s i c a l  e d u c a t i o n  a c t i v i t y  p ro g r a m  o f  t h e  U n iv e r ­
s i t y .  The t r a i n i n g  p ro g ram s  o f  e x p e r i m e n t a l  g ro u p s  I a n d  II  were
c o n d u c t e d  f i v e  days  a week ,  Monday th ro u g h  F r i d a y .
The d a t a  f o r  e x p e r i m e n t a l  g r o u p s  I I I  a n d  V were  c o l l e c t e d  
d u r i n g  t h e  s ec o n d  n i n e  weeks  o f  t h e  f i r s t  s e m e s t e r  o f  t h e  1958-59
s ch o o l  y e a r .  In  a d d i t i o n  to  th e  i s o m e t r i c  t r a i n i n g  p r o g r a m ,
e x p e r i m e n t a l  g ro u p  I I I  p a r t i c i p a t e d  in  a b a d m in to n  c l a s s  m e e t in g  
a t  t e n  o ' c l o c k  on Monday, Wednesday, and  F r i d a y  m o r n i n g s .  In 
a d d i t i o n  t o  t h e  I s o m e t r i c  t r a i n i n g  p ro g ram ,  e x p e r i m e n t a l  g r o u p  V 
p a r t i c i p a t e d  In  a  g o l f  c l a s s  m e e t in g  a t  two o ' c l o c k  on T u esd ay  
and  T h u r sd ay  a f t e r n o o n s .
E x p e r i m e n t a l  g r o u p s  IV and VI w e re  composed o f  s t u d e n t s  
e n r o l l e d  In w e i g h t  l i f t i n g  c l a s s e s  s c h e d u l e d  d u r i n g  th e  f i r s t
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s e m e s t e r  o f  t h e  1 959-60  s ch o o l  y e a r .  The s u b j e c t s  In e x p e r i m e n t a l  
g r o u p  IV were  s e l e c t e d  a t  random from s i x  c l a s s e s  m e e t in g  a t  t e n ,  
e l e v e n  and two o ' c l o c k  on Monday, Wednesday and F r i d a y ,  and  a t  
n i n e ,  t e n  and e l e v e n  o ' c l o c k  on  T u e sd ay ,  T h u r sd ay  and  S a t u r d a y ,
The s u b j e c t s  In e x p e r i m e n t a l  g r o u p  VI w e re  e n r o l l e d  In a w e i g h t  
l i f t i n g  c l a s s  m e e t i n g  a t  two o ' c l o c k  on T uesday  and  T hursday  
a f t e r n o o n s .
The s u b j e c t s  In a l l  s i x  g r o u p s  w e re  v o l u n t e e r s  and e n r o l l e d  
In t h e  program a f t e r  t h e  n a t u r e  o f  t h e  e x p e r i m e n t  had  been  e x p l a i n ­
ed t o  them a t  an I n t r o d u c t o r y  m e e t i n g .
I I I .  TESTING APPARATUS
A s p e c i a l  t e s t i n g  d e v i c e  was c o n s t r u c t e d  f o r  t h i s  s t u d y  
t o  m e a s u r e  t h e  com bined  e x t e n s o r  s t r e n g t h  o f  t h e  l e g s  and b a c k .
T h i s  a p p a r a t u s  Is  d e s c r i b e d  [n d e t a i l  In A ppend ix  A. P i c t u r e s  
o f  t h i s  d e v i c e  and o t h e r  e q u ip m e n t  u s e d  In t e s t i n g  a r e  shown In 
F i g u r e s  I and I I ,  a l s o  l o c a t e d  in  t h e  A ppend ix .
As t h e  p r e s e n t  s t u d y  was d e s i g n e d  t o  compare t h e  e f f e c t i v e ­
n e s s  o f  I s o t o n i c  and  I s o m e t r i c  m e thods  o f  e x e r c i s e  and  s i n c e  t h e  
t e s t i n g  a p p a r a t u s  was t o  be u s e d  f o r  I s o m e t r i c  t r a i n i n g  a s  w e l l  
a s  t e s t i n g ,  I t  was d e s i r a b l e  t o  h a v e  a  t e s t  t h a t  w ou ld  d u p l i c a t e  
an  i s o t o n i c  e x e r c i s e  a s  c l o s e l y  a s  p o s s i b l e .  The c o m p le t e d  
a p p a r a t u s  measured  e s s e n t i a l l y  t h e  same m u s c l e  g r o u p s  as  a r e  u s e d  
in  t h e  e x e c u t i o n  o f  " f u l l  s q u a t s " ^  In heavy  r e s i s t a n c e  e x e r c i s e s .
* "F u l l  s q u a t s "  c o n s i s t s  o f  d e e p - k n e e  bends  w i t h  a  p l a t e -  
l o a d e d  b a r b e l l  r e s t i n g  a c r o s s  t h e  s h o u l d e r s .
^ 0
A nothe r  f e a t u r e  o f  t h e  com ple ted  a p p a r a t u s  was t h a t  i t  
a l l o w e d  t h e  p o s i t i o n  o f  t h e  s u b j e c t  t o  be  d u p l i c a t e d  f o r  each  
r e a d in g  In  a s e r i e s  o f  measurements  t h a t  e x te n d e d  o v e r  w eeks .  The 
a p p a r a t u s  was a d j u s t a b l e  t o  t h e  h e i g h t  o f  t h e  s u b j e c t  and t o  th e  
w id th  o f  h i s  s h o u l d e r s .  T h i s  a l lo w e d  th e  e x p e r i m e n t e r  t o  r e p r o ­
duce t h e  same p o s i t i o n  o f  th e  s u b j e c t  In each  t e s t i n g  s e s s i o n .
The combined e x t e n s o r  s t r e n g t h  o f  th e  s u b j e c t s *  le g  and back  
m usc les  was r e g i s t e r e d  on a p r e s s u r e  gauge l o c a t e d  on th e  f l o o r  in  
f r o n t  o f  t h e  a p p a r a t u s  where  b o th  t h e  s u b j e c t  and e x p e r i m e n t e r  co u ld  
o b s e r v e  I t s  r e a d i n g s .  The gauge was g r a d u a t e d  in t e n  u n i t  i n c r e ­
ments from z e r o  t o  1,000  and was m a n u fa c tu r e d  t o  r e g i s t e r  one 
pound p e r  s q u a r e  inch o f  c y l i n d e r  c r o s s  s e c t i o n a l  a r e a .  S i n c e  t h e  
e x a c t  poundage was n o t  r e q u i r e d  as  t h e  u n i t  o f  measurement in  t h i s  
s t u d y ,  t h e  u n i t s  r e g i s t e r e d  on t h e  gauge were  t h e  ones  r e c o r d e d  
and t r e a t e d  s t a t i s t i c a l l y .
R e l i a b i l i t y  o f  t h e  a p p a r a t u s  was checked  by c o r r e l a t i n g  th e
b e s t  two o u t  o f  t h r e e  t r i a l s  t h a t  t h e  s u b j e c t s  o b t a i n e d  on t h e  f i r s t
day o f  t e s t i n g .  The c o e f f i c i e n t  o f  c o r r e l a t i o n  was .9 2 .
The a p p a r a t u s  c o n s i s t e d  o f  a p l a t f o r m  l o c a t e d  on to p  o f  a 
h y d r a u l i c  l i f t i n g  mechanism.  The p l a t f o r m  and l i f t i n g  mechanism 
were  l o c a t e d  i n s i d e  a  r e c t a n g u l a r  p a r a l l e p i p e d .  D i r e c t l y  above
the  p l a t f o r m  were  two s h o u l d e r  b a r s ,  a d j u s t a b l e  t o  t h e  v a r y in g
s h o u l d e r  w id th s  o f  t h e  s u b j e c t s .  The p l a t f o r m  c o u ld  be r a i s e d  a 
maximum o f  s e v e n t e e n  in c h e s  by means o f  t h e  l i f t i n g  mechanism. This  
a l lo w e d  t h e  e x p e r i m e n t e r  t o  a d j u s t  t h e  h e i g h t  o f  t h e  p l a t f o r m  t o  t h e  
v a r y i n g  h e i g h t s  o f  th e  s u b j e c t s .
IV. TESTING PROCEDURE
On th e  f i r s t  day o f  t h e  e x p e r im e n t  each  s u b j e c t  was 
I n s t r u c t e d  t o  s t a n d  upon t h e  p l a t f o r m  o f  th e  t e s t i n g  a p p a r a t u s  
and assume a  good s t a n d i n g  p o s t u r e .  Each s u b j e c t  was i n s t r u c t e d  
a s  t o  what c o n s t i t u t e s  a good,  m e c h a n i c a l l y  sound,  s t a n d i n g  
p o s t u r e  and was g iv e n  s u f f i c i e n t  t ime t o  p r a c t i c e  t h i s  p o s i t i o n .
Once th e  s u b j e c t  had assumed a sound p o s i t i o n  he was
I n s t r u c t e d  t o  m a i n t a i n  t h i s  p o s i t i o n  u n t i l  h i s  s h o u l d e r s  came
I n t o  c o n t a c t  w i th  t h e  s h o u l d e r  b a r s  and then t o  " g i v e "  o n ly  a t
t h e  knees  u n t i l  the  d e s i r e d  d e g r e e  o f  f l e x i o n  a t  t h e  knee was
o b t a i n e d .  The e x p e r i m e n t e r  t h e n  r a i s e d  the  p l a t f o r m  u n t i l  a
s t a n d a r d  120°  a n g l e  was o b t a i n e d  between t h e  upper  and lower
2
l e g s  o f  t h e  s u b j e c t .  C a r p e n t e r  found t h i s  a n g l e  t o  be most 
c o n d u c iv e  t o  maximum le g  l i f t .
The h e i g h t  t h a t  t h e  p l a t f o r m  was r a i s e d  was measured w i th  
a s t a n d a r d  y a rd  s t i c k .  Th is  h e i g h t  was d e te rm in e d  f o r  each  
s u b j e c t  and  once d e te r m in e d  i t  was s t a n d a r d i z e d  f o r  the  rem a in d e r  
o f  t h e  e x p e r im e n t .
The s u b j e c t  was a l lo w ed  t o  e x p e r im e n t  w i t h  t h e  s p r e a d  o f  
h i s  f e e t  d u r in g  th e  f i r s t  t h r e e  p r a c t i c e  s e s s i o n s ,  and then  a f t e r  
he  had d e c id e d  th e  s p r e a d  t h a t  he  d e s i r e d  to  u s e ,  t h i s  p o s i t i o n  
was r e c o rd e d  and d u p l i c a t e d  a t  e ach  s e s s i o n  d u r in g  th e  e x p e r i m e n t .
2
A i l  een  C a r p e n t e r ,  "A S tudy  o f  Angles  in  th e  Measurement  o f  
t h e  Leg L i f t , 11 The R e s e a r c h  Q u a r t e r l y , 9 i 70-72 ,  O c to b e r ,  1938.
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A f t e r  e a c h  s u b j e c t  had  a ssum ed  t h e  c o r r e c t  t e s t i n g  p o s i t i o n ,  
a s  d e f i n e d  by p r o p e r  s e g m e n ta l  a l i g n m e n t  o f  t h e  b a c k  and  h i p s ,  
s t a n d a r d  s p r e a d  o f  t h e  f e e t  and 120°  f l e x i o n  a t  t h e  k n e e s ,  he  was 
r e a d y  t o  be  t e s t e d .  The s u b j e c t  was a t  t h i s  t i m e  l o c a t e d  b e tw ee n  
two immovable o b j e c t s :  (1) t h e  s h o u l d e r  b a r s  and  (2) t h e  h y d r a u l i c  
m echan ism .  A f t e r  c o m p r e s s i o n  o f  t h e  s p o n g e  r u b b e r  s h o u l d e r  p a d s ,  
any  m u s c u l a r  c o n t r a c t i o n  was s t r i c t l y  i s o m e t r i c .
When t h e  s u b j e c t  i n d i c a t e d  t h a t  he  was r e a d y ,  he  was 
i n s t r u c t e d  t o  make a  maximum e f f o r t  t o  s t r a i g h t e n  h i s  l e g s ,  w h i l e  
k e e p i n g  h i s  h i p s  an d  b a c k  In a l o c k e d  p o s i t i o n .
The i n t e n s i t y  o f  t h e  c o n t r a c t i l e  e f f o r t  was d i r e c t e d  downward 
t h r o u g h  t h e  h y d r a u l i c  mechanism and  r e g i s t e r e d  on t h e  p r e s s u r e  
g a u g e .  The maximum r e a d i n g  on t h e  g a u g e  w h ich  t h e  s u b j e c t  c o u l d  
h o l d  m o m e n t a r i l y  was r e c o r d e d .  Q,uick s p u r t s  o f  e n e r g y  r e s u l t i n g  
i n  s p u r i o u s l y  h i g h  r e a d i n g s  w ere  n o t  r e c o r d e d .  The s u b j e c t  h e l d  h i s  
maximum e f f o r t  a s  lo n g  a s  h e  c o u l d ,  o r  up t o  s i x  s e c o n d s .  Some 
s u b j e c t s  had  d i f f i c u l t y  i n  h o l d i n g  h i s  maximum e f f o r t  f o r  s i x  
s e c o n d s ,  w i t h  t h e  p r e s s u r e  r e g i s t e r e d  on t h e  g a u g e  g r a d u a l l y  d e c l i n ­
ing b e f o r e  t h e  en d  o f  t h i s  t i m e  l i m i t ;  h o w e v e r ,  i n  a l l  c a s e s  a t  t h e  
end  o f  s i x  s e c o n d s ,  t h e  c o n t r a c t i o n  was s t i l l  above  s i x t y  p e r  c e n t  
o f  maximum. The s i x - s e c o n d  i n t e r v a l  was t im e d  by  a  s t a n d a r d  
metronome r e g u l a t e d  f o r  o n e  t i c k  p e r  s e c o n d .
A d e s c r i p t i o n  o f  t h e  e q u i p m e n t  u s e d  i n  t e s t i n g  and  t h e  
d e v e lo p m e n t  o f  t h e  t e s t i n g  p r o c e d u r e  i s  g i v e n  In A p p e n d ix  B.
In  o r d e r  t o  e q u a t e  t h e  v a r y i n g  s p e e d  w i t h  which  t h e  s u b j e c t s  
l e a r n e d  t h e  t e c h n i q u e s  o f  t e s t i n g  on  t h e  a p p a r a t u s ,  i t  was d e c i d e d
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t o  u se  t h e  b e s t  s c o r e  made by a  s u b j e c t  d u r i n g  t h e  f i r s t  f i v e  t r a i n i n g  
days  a s  h i s  i n i t i a l  s c o r e .  I t  was assumed t h a t  a f t e r  f i v e  d a y s 1 
p r a c t i c e  t h e  s u b j e c t  would h ave  l e a r n e d  t h e  t e c h n i q u e  and a  s c o r e  
w ould  be  o b t a i n e d  r e p r e s e n t a t i v e  o f  t h e  i n d i v i d u a l ' s  i n i t i a l  l e v e l  
o f  s t r e n g t h .  A f t e r  t h e  e x p e r i m e n t  was u n d e r  way, t h e  e x p e r i m e n t e r  
found  t h a t  t h i s  a s s u m p t i o n  was b a s i c a l l y  t r u e  and t h a t  m os t  s u b j e c t s  
o b t a i n e d  a  r e p r e s e n t a t i v e  s c o r e  d u r i n g  t h e  f i r s t  two o r  t h r e e  d a y s .
To be  c o n s i s t e n t  w i t h  t h e  above  p o l i c y  and t o  a l l o w  f o r  random 
f l u c t u a t i o n s  o f  s c o r e s ,  t h e  b e s t  s c o r e  made d u r i n g  t h e  l a s t  f i v e  
t r a i n i n g  d ay s  was u s e d  a s  t h e  f i n a l  s c o r e .  The d i f f e r e n c e  b e tw ee n  
t h e  i n i t i a l  and  f i n a l  s c o r e s  was u sed  t o  d e t e r m i n e  t h e  e f f e c t s  o f  t h e  
s i x  t r a i n i n g  p r o g r a m s .
The i s o m e t r i c  t r a i n i n g  p rogram  o f  th e  t h r e e  i s o m e t r i c  g r o u p s  
c o n s i s t e d  o f  one maximum s t a t i c  c o n t r a c t i o n ,  h e l d  f o r  s i x  s e c o n d s  
on  t h e  t e s t i n g  a p p a r a t u s .  The i s o m e t r i c  t r a i n i n g  p r o c e d u r e  was t h e  
same as  t h e  t e s t i n g  p r o c e d u r e  p r e v i o u s l y  d e s c r i b e d .  In a d d i t i o n  t o  
t h e  i s o m e t r i c  t r a i n i n g  p ro g r am ,  t h e  I s o m e t r i c  g r o u p s  p a r t i c i p a t e d  in  
t h e i r  r e g u l a r  p h y s i c a l  e d u c a t i o n  a c t i v i t y  c l a s s e s .
The a c t i v i t i e s  in  which  e a c h  g r o u p  p a r t i c i p a t e d  a r e  i n d i c a t e d
b e low :
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In a  p r e v i o u s  i n v e s t i g a t i o n ,  a c o n t r o l  g ro u p  was used In  
c o n j u n c t i o n  w i t h  a  d i f f e r e n t  p r o b l e m ~ t o  m easure  t h e  t r a i n i n g  
e f f e c t s  o f  u n c o n t r o l l e d  d a l l y  a c t i v i t y  and o f  p a r t i c i p a t i o n  in 
p h y s i c a l  e d u c a t i o n  a c t i v i t y  c l a s s e s  upon i s o m e t r i c  s t r e n g t h  p e r f o r ­
mance.  In t h i s  s t u d y  th e  c o n t r o l  g roup  p a r t i c i p a t e d  in  a t e n n i s  
c l a s s .  Tenn is  was s e l e c t e d  a s  t h e  a c t i v i t y  t o  be t e s t e d  b ecau se  
i t  i s  g e n e r a l l y  b e l i e v e d  t h a t  t e n n i s  i s  the most v i g o r o u s  o f  the  
a c t i v i t i e s  p a r t i c i p a t e d  in  by t h e  i s o m e t r i c  g r o u p s .  In t h i s  s t u d y  
t h i r t e e n  s u b j e c t s  were  t e s t e d  f o r  two d a y s - a t  t h e  b e g in n in g  o f  t h e  
e x p e r im e n t  and then  th e y  p a r t i c i p a t e d  in  t h e i r  r e g u l a r  a c t i v i t y  
c l a s s e s  f o r  s i x  w eeks .  At t h e  end o f  t h e  t r a i n i n g  p e r i o d ,  th e y  
were  a g a i n  t e s t e d  f o r  two d a y s .  The same t e s t i n g  a p p a r a t u s  was 
used  f o r  t h e s e  measurements  a s  was used  in  t h e  p r e s e n t  e x p e r i m e n t .  
The b e s t  s c o r e  made d u r in g  t h e  two days o f  t e s t i n g ,  b o th  b e f o r e  and 
a f t e r  t h e  e x p e r i m e n t ,  was t h e  s c o r e  u s e d .  The d i f f e r e n c e  between
t h e  i n i t i a l  and f i n a l  t e s t s  was u sed  t o  d e t e r m in e  th e  e f f e c t s  o f  t h e
. . .  4t r a i n i n g  program .
The d i f f e r e n c e  be tween t h e  i n i t i a l  and f i n a l  s c o r e s  o f  t h i s  
g ro u p  was -45  u n i t s . ' *  W i th in  t h e  l i m i t s  o f  t h i s  s t u d y ,  f t  was co n ­
c l u d e d  t h a t  p a r t i c i p a t i o n  in  t e n n i s  a c t i v i t y  c l a s s e s  does no t  s t i m u ­
l a t e  s i g n i f i c a n t  improvement in  i s o m e t r i c  s t r e n g t h  p e r f o r m a n c e .^
3
J e r r y  N. Barham, "A Comparison o f  jVo Methods o f  I s o m e t r i c  
E x e r c i s e  on th e  Development  o f  Muscle  S t r e n g t h , "  ( u n p u b l i sh e d  t h e s i s ,  
L o u i s i a n a  S t a t e  U n i v e r s i t y ,  J a n u a r y ,  i 9 6 0 ) ,  55 p p .
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The e x p e r im e n t a l  e x e r c i s e  s e l e c t e d  f o r  t h e  t h r e e  e x p e r im e n t a l  
g ro u p s  u s in g  i s o t o n i c  e x e r c i s e s  was " f u l l  s q u a t s . "  T h i s  e x e r c i s e  
c o n s i s t s  o f  f u l l - k n e e  bends w i t h  a p l a t e - l o a d e d  b a r b e l l  r e s t i n g  
a c r o s s  th e  s h o u l d e r s .  Th is  e x e r c i s e  was s e l e c t e d  b ecau se  i t  
employs  a p p r o x i m a t e l y  th e  same m usc le  g ro u p s  used by th e  i s o m e t r i c  
g ro u p s  and t h e  m usc le  g ro u p s  employed on t h e  t e s t i n g  a p p a r a t u s .
The t h r e e  i s o t o n i c  g roups  were  e n r o l l e d  in  r e g u l a r  w e ig h t  
l i f t i n g  c l a s s e s  o f f e r e d  a t  L o u i s i a n a  S t a t e  U n i v e r s i t y .  In a d d i t i o n  
t o  t h e  e x p e r im e n t a l  e x e r c i s e ,  t h e  programs o f  t h e s e  g roups  c o n s i s t ­
ed o f  f i v e  o t h e r  e x e r c i s e s :  bench p r e s s e s ,  two arm c u r l s ,  b e n t - o v e r  
rows, leg  l i f t s  on s t a l l  b a r s  and  s i t  u p s .  These a d d i t i o n a l  
e x e r c i s e s  were  s e l e c t e d  b e ca u s e  they  e x e r c i s e d  d i f f e r e n t  muscle  
g ro u p s  than  t h o s e  used  fn t h e  " f u l l  s q u a t s "  and th o s e  t e s t e d  on 
t h e  t e s t i n g  a p p a r a t u s .
The t r a i n i n g  s c h e d u l e  u sed  in  t h e  i s o t o n i c  program was t h e  
one s u g g e s t e d  by Capen .^  Capen s t a t e s  t h a t  o f  t h e  f o u r  programs 
o f  w e ig h t  t r a i n i n g  t h a t  he  s t u d i e d ,  t h o s e  t h a t  u t i l i z e d  th e  
h e a v i e s t  w e i g h t s  t h a t  would p e r m i t  a maximum number o f  f i v e
Q
e x e c u t i o n s  were s u p e r i o r  t o  t h e  o t h e r  programs in h i s  s t u d y .
^Edward K. Capen, "S tudy o f  Four Programs o f  Heavy 
R e s i s t a n c e  E x e r c i s e s  f o r  Development o f  M uscula r  S t r e n g t h , "
R es e a r c h  Q u a r t e r l y . 2 7 :1 3 2 -4 2 ,  May, 1956.
8 l b i d . , p .  141.
The f o l l o w i n g  p r o c e d u r e  a s  d e s c r i b e d  by Capen f o r  h i s  s t u d y
was t h e  o n e  u s e d  In  t h e  p r e s e n t  e x p e r i m e n t :  
g
5 E.M. X 3 . The s u b j e c t  s e l e c t e d  t h e  h e a v i e s t  w e i g h t  
w i t h  w h ich  he  c o u l d  p e r f o r m  a maximum number o f  f i v e  e x e c u ­
t i o n s .  The s u b j e c t  would  t h e n  p e r f o r m  t h r e e  s e t s  w i t h  t h i s  
s e l e c t e d  w e i g h t ,  p e r f o r m i n g  a s  many e x e c u t i o n s  a s  p o s s i b l e  
in  t h e  s ec o n d  and  t h i r d  b o u t s .  When a  s u f f i c i e n t  g a i n  In  
s t r e n g t h  a l l o w e d  f i v e  e x e c u t i o n s  t o  be  a c c o m p l i s h e d  d u r i n g  
e a c h  o f  t h e  t h r e e  s e t s ,  a  new 5 E.M. was d e t e r m i n e d .  A 
t h r e e - m i n u t e  r e s t  p e r i o d  was t a k e n  b e tw ee n  s e t s . ’ ®
In a d d i t i o n  t o  t h e  w e i g h t  t r a i n i n g  e x e r c i s e s ,  t h e  i s o t o n i c  
g r o u p s  p e r f o r m e d  t h e  same i s o m e t r i c  e x e r c i s e s  a s  d i d  t h e  i s o m e t r i c  
g r o u p s .  The s u b j e c t s  in  t h e  I s o t o n i c  g r o u p s  w e re  t e s t e d  a t  e a c h  
t r a i n i n g  s e s s i o n  on t h e  t e s t i n g  a p p a r a t u s .  T h i s  t e n d e d  t o  e q u a t e  
t h e  i s o m e t r i c  and  i s o t o n i c  g r o u p s  In  t h e  amount o f  p r a c t i c e  t h a t  
e a c h  g r o u p  r e c e i v e d  on t h e  t e s t i n g  a p p a r a t u s .  T h e r e f o r e ,  I t  may 
be  i n f e r r e d  t h a t  any  p r a c t i c e  e f f e c t  r e s u l t i n g  from r e p e a t e d  
t r i a l s  on t h e  t e s t i n g  a p p a r a t u s  was e q u a l l y  d i s t r i b u t e d  in  t h e  
e x p e r i m e n t a l  g ro u p s  e x e r c i s i n g  a t  t h e  same f r e q u e n c y  p e r  week .
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At t h e  b e g i n n i n g  o f  t h e  e x p e r i m e n t ,  e a c h  s u b j e c t  was
p r o v i d e d  w i t h  a s c o r e  s h e e t  on w hich  h e  r e c o r d e d  h i s  name, a g e ,
and number o f  t h e  e x p e r i m e n t a l  g r o u p  t o  w hich  he  had  been  a s s i g n e d .
A l s o  r e c o r d e d  on t h i s  s h e d t  was a  d e s c r i p t i o n  o f  t h e  s u b j e c t ' s
The t e r m i n o l o g y ,  f i v e  e x e c u t i o n  maximum o r  5 E .M . ,  means 
t h e  h e a v i e s t  w e i g h t  t h a t  c a n  be  u s e d  s u c c e s s f u l l y  p e r f o r m i n g  an 
e x e r c i s e  a  maximum number o f  f i v e  t i m e s .
h i
e x e r c f s e  p o s l t I o n - - s p r e a d  o f  t h e  f e e t  a n d  e l e v a t i o n  o f  t h e  p l a t f o r m .
The d a t a  w e re  c o l l e c t e d  In  t h e  fo rm  o f  t h e  maximum s t r e n g t h  
s c o r e s  t h a t  e a c h  s u b j e c t  a c h i e v e d  on t h e  t e s t i n g  a p p a r a t u s .
The s c o r e s  o b t a i n e d  by t h e  s i x  e x p e r f n e n t a l  g r o u p s  w e r e  
r e c o r d e d  a t  e a c h  t r a i n i n g  s e s s i o n .  The b e s t  s c o r e  o b t a i n e d  d u r i n g  
t h e  f i r s t  f i v e  t e s t i n g  s e s s i o n s  was u s e d  a s  t h e  s c o r e  m os t  r e p r e ­
s e n t a t i v e  o f  t h e  I n i t i a l  s t r e n g t h  o f  t h e  s u b j e c t s .  The b e s t  s c o r e  
o b t a i n e d  d u r i n g  t h e  l a s t  f i v e  days  o f  t h e  e x p e r i m e n t  was u s e d  a s  
t h e  f i n a l  s t r e n g t h  s c o r e .
CHAPTER IV
PRESENTATION AND ANALYSIS OF DATA 
I .  INTRODUCTION
The e f f e c t s  o f  two m e th o d s  o f  e x e r c i s e ,  t h r e e  f r e q u e n c i e s  o f  
e x e r c i s e  and  t h e  I n t e r a c t i o n  b e tw ee n  t h e s e  two v a r i a b l e s  i n  t h e  
im provem ent  o f  m u s c l e  s t r e n g t h  p e r f o r m a n c e  was i n v e s t i g a t e d  i n  t h i s  
s t u d y .  In o r d e r  t o  i n v e s t i g a t e  t h e  r e l a t i o n s h i p s  and  i n t e r ­
r e l a t i o n s h i p s  b e tw e e n  t h e s e  two v a r i a b l e s ,  a  t w o - f a c t o r  e x p e r i m e n t a l  
d e s i g n  was s e l e c t e d .
The d a t a  c o l l e c t e d  In  t h i s  e x p e r i m e n t  w e re  in  t h e  fo rm o f  
i n i t i a l  and f i n a l  s t r e n g t h  s c o r e s  and  a r e  shown in  T a b l e s  IV t h r o u g h  
X, l o c a t e d  in  A p p e n d ix  C. The im provem ent  s c o r e s ,  w h ich  w e r e  o b t a i n e d  
by s u b t r a c t i n g  t h e  i n i t i a l  s c o r e  from t h e  f i n a l  s c o r e  o f  e a c h  s u b j e c t ,  
a r e  a l s o  shown In t h e s e  t a b l e s .
I I .  RELATIONSHIP OF INITIAL PERFORMANCE TO IMPROVEMENT
IN STRENGTH
A c o e f f i c i e n t  o f  c o r r e l a t i o n  was com pu ted  b e tw ee n  t h e  I n i t i a l  
s t r e n g t h  s c o r e s  o f  t h e  s u b j e c t s  and  t h e i r  c r i t e r i o n  ( im provem ent)  
s c o r e s  t o  d e t e r m i n e  t h e  r e l a t i o n s h i p  b e tw e e n  t h e s e  two d i s t r i b u t i o n s .
The c o e f f i c i e n t  o b t a i n e d  was . 0 2 .  T h i s  i n d i c a t e s  t h a t  I n  t h e  p r e s e n t  
s t u d y  t h e  i n i t i a l  s t r e n g t h  s c o r e s  o f  t h e  s u b j e c t s  d i d  n o t  m e a s u r e  t h e  
p o t e n t i a l i t y  o f  t h e  i n d i v i d u a l  t o  p r o f i t  from t h e  s i x  t r a i n i n g  p r o g r a m s .
If8
4 9
I I I .  ESTABLISHING THE SIGNIFICANCE OF THE MEAN
IMPROVEMENT SCORES
The mean Improvement s c o r e s  o b t a i n e d  by t h e  s i x  e x p e r i m e n t a l  
g r o u p s  a r e  shown In  T a b l e  I .  The s i g n i f i c a n c e  o f  t h e s e  mean 
improvement s c o r e s  was d e t e r m i n e d  by c o m p u t in g  a n  J F - t e s t  b e tw een  
t h e  i n i t i a l  and  f i n a l  s t r e n g t h  s c o r e s  o f  e x p e r i m e n t a l  g r o u p  VI,  
w h ich  p e r f o r m e d  I s o t o n i c  e x e r c i s e s  two days  a w eek .  The JF-r a t i o  
o b t a i n e d  In t h i s  a n a l y s i s  was 4 . 7 9 ,  w h ic h  was s i g n i f i c a n t  a t  t h e  
1 p e r  c e n t  p o i n t .  As t h e  mean im provem ent  s c o r e  o f  e x p e r i m e n t a l  
g r o u p  VI was l e s s  t h a n  t h a t  o f  any o t h e r  g ro u p ,  and  s i n c e  t h e  d e g r e e s  
o f  f r ee d o m  w ere  t h e  same f o r  a l l  g r o u p s ,  I t  may be  I n f e r r e d  t h a t  t h e  
mean improvement  s c o r e s  o f  a l l  g r o u p s  w e re  s i g n i f i c a n t  a t  t h e  I p e r  
c e n t  p o i n t .
TABLE I
MEAN IMPROVEMENT SCORES OF SIX GROUPS OF COLLEGE MEN
EMPLOYING DIFFERENT EXERCISE PROGRAMS
F r e q u e n c y Method
I s o m e t r i c I s o t o n i c
5 d ay s 147 .33 143 .33
3 d a y s  
2 d a y s 10 0 .6 7
127 .33 130.00
8 0 .6 7
5 0
IV. ESTABLISHING THE SIGNIFICANCE OF THE DIFFERENCE 
IN MEAN IMPROVEMENT SCORES
As shown In  T a b l e  I ,  t h e  s i x  e x p e r i m e n t a l  g r o u p s  showed 
marked  d i f f e r e n c e s  In  t h e  amount o f  s t r e n g t h  a c q u i r e d  t h r o u g h  t h e  
s i x  t r a i n i n g  p r o g r a m s .  In o r d e r  t o  d e t e r m i n e  t h e  s i g n i f i c a n c e  o f  
t h e  d i f f e r e n c e s  In t h e  mean improvement  s c o r e s  o f  t h e  s i x  g r o u p s ,  
a  s i m p l e  a n a l y s i s  o f  v a r i a n c e  was co m p u ted .  The r e s u l t s  o f  t h i s  
a n a l y s i s  a r e  sum m arized  In t h e  low er  h a l f  o f  T a b l e  I I .  As shown 
In  t h i s  t a b l e ,  t h e  £ - r a t i o  f o r  t h e  mean s q u a r e  be tw een  g r o u p s  was 
4 . 6 9 ,  w h ich  was s i g n i f i c a n t  a t  t h e  I p e r  c e n t  p o i n t .  T h i s  i n d i c a t e s  
t h a t  two o r  more o f  t h e  e x p e r i m e n t a l  g r o u p s ,  a s  r e p r e s e n t e d  by t h e i r  
mean improvement s c o r e s ,  d i f f e r e d  s i g n i f i c a n t l y  In  t h e  amount o f  
s t r e n g t h  t h a t  th e y  a c q u i r e d .
TABLE II
ANALYSIS OF VARIANCE OF IMPROVEMENT SCORES OF SIX GROUPS
OF COLLEGE MEN EMPLOYING DIFFERENT EXERCISE PROGRAMS
S o u r c e  o f  V a r i a t i o n Sum o f  S q u a r e s d f  Mean S q u a r e F
Method o f  e x e r c i s e 11 .38 1 1 1 . 3 8 .531
F re q u e n c y  o f  e x e r c i s e 4 7 1 .22 2 235.61 11.000
1n t e r a c t l o n 2 0 .1 8 2 1 0 . 0 9 .471
Between g r o u p s 5 0 2 . 7 8 5 1 0 0 .5 7 4 . 6 9
W i t h i n  g r o u p s 1 799 .05 Bk 21 M l
T o t a l 2301.83 89
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V. FURTHER ANALYSIS OF VARIANCE OF IMPROVEMENT SCORES
In  o r d e r  t o  d e t e r m i n e  t h e  s o u r c e  o f  v a r i a t i o n  b e tw ee n  t h e  s i x  
g r o u p s ,  a  t w o - p a r t  a n a l y s i s  o f  v a r i a n c e  a s  d e s c r i b e d  by Edwards^ was 
u s e d .  The b e tw e e n  g r o u p s  sum o f  s q u a r e s  In t h i s  d e s i g n  may be  
a n a l y z e d  i n t o  t h r e e  c o m p o n e n t s — two main  e f f e c t s  andan  i n t e r a c t i o n  
e f f e c t .  The two main  e f f e c t s  i n  t h i s  e x p e r i m e n t  w e re  method o f  
e x e r c i s e  and  f r e q u e n c y  o f  e x e r c i s e .  The I n t e r a c t i o n  e f f e c t  was t h e  
v a r i o u s  i n t e r a c t i o n s  o f  t h e  m a in  e f f e c t s .  The r e s u l t s  o f  t h i s  
a n a l y s i s  a r e  su m m ar ized  in  t h e  u p p e r  h a l f  o f  T a b l e  I I .
The I n t e r a c t i o n  E f f e c t  o f  Method o f  E x e r c i s e  and  F r e q u e n c y  o f  
E x e r c i s e . As shown In  T a b l e  I I ,  t h e  f - r a t i o  f o r  t h e  I n t e r a c t i o n  
mean s q u a r e  was .1*71 . To h a v e  b e en  s t a t i s t i c a l l y  s i g n i f i c a n t  a t  t h e  
5 p e r  c e n t  p o i n t ,  t h e  _ F - r a t i o  would  h a v e  had  t o  e q u a l  o r  e x c e e d  
3 . 1 1 .  T h e r e f o r e ,  I t  may b e  s t a t e d  t h a t  t h e  v a r i a t i o n  b e tw ee n  t h e  
s i x  e x p e r i m e n t a l  g r o u p s  was n o t  t h e  r e s u l t  o f  an i n t e r a c t i o n  e f f e c t .
The E f f e c t s  o f  I s o m e t r i c  and  I s o t o n i c  Methods o f  E x e r c i s e . As
shown In T a b l e  I I ,  t h e  J F - r a t i o  f o r  t h e  m e thod  o f  e x e r c i s e  mean s q u a r e
was .531* To have  b e e n  s t a t i s t i c a l l y  s i g n i f i c a n t  a t  t h e  5 p e r  c e n t
p o i n t ,  t h e  j [ - r a t i o  would  h a v e  had  t o  e q u a l  o r  e x c e e d  3 . 9 6 .  As t h i s
F was n o t  s i g n i f i c a n t ,  I t  may b e  s t a t e d  t h a t  t h e r e  i s  no  s i g n i f i c a n t  
d i f f e r e n c e  in  t h e  e f f e c t i v e n e s s  o f  I s o m e t r i c  and I s o t o n i c  e x e r c i s e s
V i l e n  L. E d w ard s ,  S t a t i s t i c a l  M ethods  f o r  t h e  B e h a v i o r a l  
S c i e n c e s . New Y ork :  R i n e h a r t  and  Company, i n c . ,  1 9 56 .  p p .  3**0-**9.
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In  t h e  Improvement o f  m u sc l e  s t r e n g t h ,  p e r f o r m a n c e .
The E f f e c t s  o f  E x e r c i s e s  P e r f o r m e d  a t  D i f f e r e n t  F r e q u e n c i e s  
P e r  Week. As shown in  T a b le  I I ,  t h e  J F - r a t i o  f o r  t h e  f r e q u e n c y  o f  
e x e r c i s e  mean s q u a r e  was 1 1 . 0 0 .  T h i s  _ F - r a t I o  was s t a t i s t i c a l l y  
s i g n i f i c a n t  a t  t h e  1 p e r  c e n t  p o i n t ,  i n d i c a t i n g  t h a t  t h e  main 
f a c t o r  c o n t r i b u t i n g  t o  t h e  v a r i a b i l i t y  b e tw ee n  g r o u p s  was t h e  
f r e q u e n c y  o f  e x e r c i s e  v a r i a b l e .
In  o r d e r  t o  d e t e r m i n e  t h e  s o u r c e  o f  t h e  v a r i a t i o n  b e tw ee n  
g r o u p s  r e s u l t i n g  from t h e  f r e q u e n c y  o f  e x e r c i s e  v a r i a b l e  and  t o  
d e t e r m i n e  t h e  e f f e c t i v e n e s s  o f  e x e r c i s e s  p e r f o r m e d  a t  f r e q u e n c i e s  
o f  f i v e  days  a  week,  t h r e e  days  a  week, and two days  a  week an  _F- 
t e s t  was u s e d .
A n _ F - t e s t  was computed  f o r  t h e  d i f f e r e n c e  in  t h e  mean g a i n s  Of 
t h e  g r o u p s  e x e r c i s i n g  f i v e  days  a week and  t h r e e  days  a week, f i v e  
days  a  week and two days  a  week,  and  t h r e e  days  a  week and two days  
a w eek .  The _F's o b t a i n e d  in  t h i s  a n a l y s i s  a r e  shown in  T a b le  i l l .
The E f f e c t s  o f  E x e r c i s e s  P e r f o r m e d  F i v e  Days a  Week and T h r e e  
Days a  Week. As shown i n  T a b l e  I I I ,  t h e  _ F - r a t i o  f o r  t h e  d i f f e r e n c e  
in  t h e  mean g a i n s  o f  t h e  e x p e r i m e n t a l  g r o u p  e x e r c i s i n g  f i v e  days  a 
week and t h e  e x p e r i m e n t a l  g r o u p  e x e r c i s i n g  t h r e e  days  a  week was 
2 . 4 2 .  T h i s  J F - r a t i o  was n o t  s t a t i s t i c a l l y  s i g n i f i c a n t ,  in  o r d e r  f o r  
t h i s  _F t o  h a v e  been  s i g n i f i c a n t  a t  t h e  5 p e r  c e n t  p o i n t ,  i t  would  
have  h a d  t o  e q u a l  o r  e x c e e d  4 . 0 2 .  T h e r e f o r e ,  I t  may be  s t a t e d  t h a t  
t h e r e  I s  no s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  amount o f  s t r e n g t h  a c q u i r e d  
t h r o u g h  e x e r c i s e s  p e r f o r m e d  f i v e  days  a  week and t h e  amount o f  s t r e n g t h  
a c q u i r e d  t h r o u g h  e x e r c i s e s  p e r f o r m e d  t h r e e  days  a  w eek .
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The E f f e c t s  o f  E x e r c i s e s  Performed  F iv e  Days a Week and Two 
Days a  Week, As shown In  T a b le  I I I ,  t h e  F - r a t l o  f o r  t h e  d i f f e r e n c e  
In t h e  mean g a i n s  o f  th e  e x p e r im e n t a l  g roup  e x e r c i s i n g  f i v e  days  a 
week and th e  e x p e r im e n t a l  g roup  e x e r c i s i n g  two days a week was 2 0 .4 9 .
This  P - r a t l o  was s i g n i f i c a n t  a t  t h e  1 p e r  c e n t  p o i n t .  I t  may be
s t a t e d ,  t h e r e f o r e ,  t h a t  t h e  amount o f  s t r e n g t h  a c q u i r e d  th rough  
e x e r c i s e s  pe r fo rm ed  f i v e  days  a week Is  s i g n i f i c a n t l y  g r e a t e r  than  
th e  amount o f  s t r e n g t h  a c q u i r e d  th ro u g h  e x e r c i s e s  pe r fo rm ed  two days 
a week.
TABLE I I I
THE DIFFERENCES IN MEAN IMPROVEMENT SCORES OF COLLEGE MEN EXERCISING
AT FREQUENCIES OF FIVE, THREE, AND TWO DAYS A WEEK
Compartson D i f f e r e n c e F
5 d ay s— 3 days*  
5 days—2 days 





20 .4 9 * *
9 . 00**
*ThIs  row compares  t h e  s t r e n g t h  g a i n s  a c h i e v e d  th rough  
e x e r c i s e s  pe r fo rm ed  a t  f r e q u e n c i e s  o f  f i v e  days a week 
and t h r e e  days  a  week.
**These  J [ ‘s a r e  s i g n i f i c a n t  a t  t h e  1 p e r  c e n t  p o i n t .
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The E f f e c t s  o f  E x e r c i s e s  Performed Three  Days a Week and Two 
Days a  Week. As shown In T a b le  I I I ,  t h e ^ F - r a t l o  f o r  th e  d i f f e r e n c e  
in  t h e  mean g a i n s  o f  the  e x p e r im e n t a l  g roup  e x e r c i s i n g  t h r e e  days a  
week and  t h e  e x p e r im e n t a l  g ro u p  e x e r c i s i n g  two days  a week was 9 . 00 . 
This  JF**ratio was s t a t i s t i c a l l y  s i g n i f i c a n t  a t  t h e  1 p e r  c e n t  p o i n t .  
I t  may be  s t a t e d ,  t h e r e f o r e ,  t h a t  th e  amount o f  s t r e n g t h  a c q u i r e d  
th ro u g h  e x e r c i s e s  pe r fo rm ed  t h r e e  days  a week i s  s i g n i f i c a n t l y  
g r e a t e r  than  t h e  amount o f  s t r e n g t h  a c q u i r e d  th ro u g h  e x e r c i s e s  p e r ­




The p u r p o s e  o f  t h i s  s t u d y  was t o  com pare  t h e  e f f e c t i v e n e s s  
o f  I s o m e t r i c  and  i s o t o n i c  m e thods  o f  e x e r c i s e ,  when p e r fo r m e d  
a t  f r e q u e n c i e s  o f  f i v e ,  t h r e e ,  and  two days  p e r  week, in  t h e  
Improvement o f  m u s c l e  s t r e n g t h  p e r f o r m a n c e .
S i x  e x p e r i m e n t a l  g r o u p s  c o n s i s t i n g  o f  f i f t e e n  s u b j e c t s  e ach  
w e re  u s e d  in  t h i s  s t u d y .  T h r e e  e x p e r i m e n t a l  g r o u p s  u s e d  i s o m e t r i c  
e x e r c i s e s  and t h r e e  e x p e r i m e n t a l  g r o u p s  u s e d  i s o t o n i c  e x e r c i s e s  a t  
f r e q u e n c i e s  o f  f i v e ,  t h r e e ,  and two days  p e r  week.
N i n e t y  m a le  s t u d e n t s  e n r o l l e d  in  p h y s i c a l  e d u c a t i o n  a c t i v i t y  
c l a s s e s  a t  L o u i s i a n a  S t a t e  U n i v e r s i t y  w ere  u s ed  a s  s u b j e c t s .
The i s o m e t r i c  t r a i n i n g  p ro g ram  o f  t h e  t h r e e  i s o m e t r i c  g r o u p s  
c o n s i s t e d  o f  one  maximum s t a t i c  c o n t r a c t i o n ,  h e l d  f o r  s i x  s e c o n d s  
on t h e  t e s t i n g  a p p a r a t u s .  In a d d i t i o n  t o  t h e  i s o m e t r i c  t r a i n i n g  
p ro g r am ,  t h e  i s o m e t r i c  g r o u p s  p a r t i c i p a t e d  in  t h e i r  r e g u l a r  p h y s i c a l  
e d u c a t i o n  a c t i v i t y  c l a s s e s .
The e x p e r i m e n t a l  e x e r c i s e  s e l e c t e d  f o r  t h e  t h r e e  i s o t o n i c  
g r o u p s  was f u l 1 - k n e e  b en d s  w i t h  a p l a t e - l o a d e d  b a r b e l l  r e s t i n g  
a c r o s s  t h e  s h o u l d e r s .  A r e s i s t a n c e  was s e l e c t e d  f o r  t h i s  e x e r c i s e  
t h a t  would  p e r m i t  a  maximum o f  f i v e  e x e c u t i o n s .  T h r e e  s e t s  o f  
e x e r c i s e  b o u t s  w e re  u s e d ,  w i t h  a  t h r e e - m i n u t e  r e s t  p e r i o d  b e tw een  
s e t s .  In a d d i t i o n  t o  t h e  w e i g h t  t r a i n i n g  e x e r c i s e s ,  t h e  i s o t o n i c
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g r o u p s  p e r f o r m e d  t h e  same I s o m e t r i c  e x e r c i s e s  a s  d i d  t h e  I s o m e t r i c  
g ro u p s ^  The s u b j e c t s  w e re  t e s t e d  f o r  maximum s t r e n g t h  a t  e a c h  
t r a i n i n g  s e s s i o n .
The d i f f e r e n c e  b e tw een  t h e  I n i t i a l  an d  f i n a l  s t r e n g t h  t e s t s  
was u s e d  t o  d e t e r m i n e  t h e  e f f e c t s  o f  t h e  s i x  t r a i n i n g  p r o g r a m s .
I I .  CONCLUSIONS
W i t h i n  t h e  l i m i t a t i o n s  o f  t h i s  s t u d y ,  the  f o l l o w i n g  f i n d i n g s  
a r e  r e p o r t e d :
1 .  S i g n i f i c a n t  improvements  in  m u s c l e  s t r e n g t h  p e r f o r m a n c e
may be  a c h i e v e d  t h r o u g h  th e  u s e  o f  I s o m e t r i c  m ethods  o f  
e x e r c i s e .
2 .  The a d d i t i o n  o f  i s o t o n i c  e x e r c i s e s  t o  a  "one  maximum
i s o m e t r i c  c o n t r a c t i o n "  e x e r c i s e  p rog ram  does  n o t  
s i g n i f i c a n t l y  a f f e c t  t h e  amount  o f  s t r e n g t h  Improvement 
o b t a i n e d  th r o u g h  t h e  u s e  o f  I s o m e t r i c  e x e r c i s e s  a l o n e .
3 .  T h e r e  I s  no s i g n i f i c a n t  d i f f e r e n c e  In t h e  amount o f
s t r e n g t h  a c q u i r e d  t h r o u g h  e x e r c i s e s  p e r f o r m e d  f i v e  days  
a  week and  t h e  amount o f  s t r e n g t h  a c q u i r e d  th r o u g h  
e x e r c i s e s  p e r f o r m e d  t h r e e  days  a  week .
4 .  The amount o f  s t r e n g t h  a c q u i r e d  t h r o u g h  e x e r c i s e s  p e r f o r m e d
f i v e  days  a  week and t h r e e  days  a  week Is  s i g n i f i c a n t l y  
g r e a t e r  t h a n  t h e  amount  o f  s t r e n g t h  a c q u i r e d  th r o u g h  
e x e r c i s e s  p e r f o r m e d  two days  a  week .
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I I I .  SUGGESTIONS FOR FURTHER STUDY
In l i g h t  o f  t h e  f i n d i n g s  In t h i s  e x p e r im en t ,  t h e  f o l l o w in g  
recommendations a r e  made f o r  f u t u r e  s t u d y :
1.  C o n s i d e r a t i o n  shou ld  be g iv e n  to  th e  d i f f e r e n t i a t i o n  o f
the  e f f e c t s  o f  p h y s i o l o g i c a l  development and motor 
l e a r n i n g  In th e  o b se rv ed  improvements o f  muscle  s t r e n g t h  
p e r fo rm a n c e s .  In th e  p r e s e n t  s tu d y ,  I t  was n o t  p o s s i b l e  
t o  d i f f e r e n t i a t e  t h e s e  two e f f e c t s .
2 .  The e f f e c t s  o f  I s o m e t r i c  and i s o t o n i c  e x e r c i s e s  when
performed f o r  a much lo n g e r  p e r i o d  o f  t ime  than  In  the  
p r e s e n t  s tu d y  sh o u ld  be d e te r m in e d ;  i . e . ,  up t o  one 
y e a r .
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APPENDIX A
DESCRIPTION OF TESTING APPARATUS
The t e s t i n g  a p p a r a t u s  u sed  in  t h i s  s t u d y  was d e s i g n e d  by 
t h i s  w r i t e r ,  w i t h  t h e  h e l p  o f  Mr. N a th a n i e l  R. T e r r y ,  i n s t r u c t o r  
in  t h e  m ech an ica l  e n g i n e e r i n g  m ach ine  shop a t  L o u i s i a n a  S t a t e  
U n i v e r s i t y .  P i c t u r e s  o f  t h i s  d e v i c e  a r e  shown in  F i g u r e s  I and 
11 .
The a p p a r a t u s  c o n s i s t e d  o f  a  r e c t a n g u l a r  f r am e ,  p l a t f o r m ,  
and h y d r a u l i c  mechanism w i th  a p r e s s u r e  gauge  a t t a c h e d .
The s u p p o r t i n g  framework o f  t h e  a p p a r a t u s  was c o n s t r u c t e d  
o f  one and o n e - h a l f  Inch s t e e l  p i p e s  we lded  t o g e t h e r  t o  form a 
r e c t a n g u l a r  p a r a l l e l o p i p e d ,  e i g h t  f e e t  t a l l ,  t h r e e  f e e t  wide  and 
two and o n e - h a l f  f e e t  d e e p .  Two a d j u s t a b l e  s h o u l d e r  b a r s  were 
c o n s t r u c t e d  o f  tw o - in c h  s t e e l  p i p e s ,  t w B n t y - s i x  i n c h e s  in  l e n g t h ,  
c o n n e c t e d  a t  e ach  end  t o  a  tw o - in c h  "T" j o i n t .  The j o i n t s  were  
f i  t t e d  o v e r  t h e  f r o n t  and r e a r  s u p p o r t s  o f  t h e  f ram e  and were  f r e e  
t o  s l i d e  in  and  o u t .  Th is  f reedom o f  movement p e r m i t t e d  th e  
a d j u s t m e n t  o f  t h e  s h o u l d e r  b a r s  t o  t h e  v a r y i n g  s h o u l d e r  w i d t h s  
o f  t h e  s u b j e c t s .  The s h o u l d e r  b a r s  w e re  padded w i t h  sponge  r u b b e r  
t o  p r o t e c t  t h e  s h o u l d e r s  o f  t h e  t e s t e e s .
The h y d r a u l i c  mechanism c o n s i s t e d  o f  t h e  l i f t i n g  mechanism 
frpm an  o l d  d i s c a r d e d  d e n t i s t ’ s c h a i r ,  I n c l u d i n g  th e  f o o t  peda l  
a nd  r e l e a s e  v a l v e .  A wooden p l a t f o r m  one  and o n e - h a l f  f e e t  long
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and t h r e e  f e e t  wide,  on which th e  s u b j e c t s  co u ld  s t a n d ,  was c o n s t r u c t ­
ed  a c r o s s  t h e  top  o f  t h i s  mechanism. The p l a t f o r m  co u ld  be r a i s e d  
by the  u se  o f  a fo o tp e d a l  l o c a t e d  a t  t h e  s i d e  o f  the  mechanism and 
c o u ld  be lowered by t h e  use  o f  a  r e l e a s e  v a l v e .
A s t a n d a r d  y a r d s t i c k  was ta p e d  t o  the  l e f t  f r o n t  s u p p o r t  o f  
t h e  r e c t a n g u l a r  frame and a p o i n t e r  was ex ten d e d  from th e  p l a t f o r m  to  
t h e  y a r d s t i c k .  At th e  low es t  p o s i t i o n  o f  t h e  p l a t f o r m  th e  p o i n t e r  
i n d i c a t e d  th e  z e r o  inch mark on th e  y a r d s t i c k .  The p l a t f o r m  co u ld  be 
r a i s e d  t o  a maximum h e i g h t  o f  s ev e n te e n  i n c h e s .
A S t a r - S u p e r s t e e l  p r e s s u r e  gauge was a t t a c h e d  t o  t h e  h y d ra u lb e  
c y l i n d e r  o f  t h e  l i f t i n g  mechanism. The gauge  was ex ten d ed  o u t  from 
th e  t e s t i n g  a p p a r a tu s  by t h r e e  f e e t  o f  copper  t u b i n g .  I t  was l o c a t e d  
on th e  f l o o r  In f r o n t  o f  the  a p p a r a t u s .
The gauge was g r a d u a t e d  In t e n  u n i t  inc rem en ts  from z e ro  to  
1 ,000 and was m an u fac tu red  to  r e g i s t e r  one pound pe r  s q u a r e  inch o f  
c r o s s  s e c t i o n a l  a r e a .
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FIGURE 1.
ILLUSTRATION OF TESTING APPARATUS AND EQUIPMENT USED 
IN THE MEASUREMENT OF STRENGTH OF COLLEGE MEN
This  p i c t u r e  shows a f r o n t  view o f  the  t e s t i n g  a p p a r a t u s .  The 
s u b j e c t  shown on the  a p p a r a t u s  Is  R o b e r t  McDonald, a member o f  the  
L .S .U .  f o o t b a l l  team. T h i s  w r i t e r  Is  shown In  t h e  p rocess  o f  r a i s i n g  
th e  p l a t f o r m  by means of  a f o o t - p e d a l  l o c a t e d  a t  t h e  s i d e  o f  the  
a p p a r a t u s  and o f  a d j u s t i n g  the  segmenta l  a l ig n m e n t  o f  the  s u b j e c t .
The p l a t f o r m ,  in  normal o p e r a t i o n ,  was l e v e l .  As shown h e r e ,  
however,  one end I s  lower than  th e  o t h e r  due to  lo o se  c o n n e c t i o n s .  
This c o n d i t i o n  d id  not e x i s t  d u r in g  th e  c o u r s e  o f  t h e  e x p e r im e n t .  
F e a tu r e s  o f  th e  a p p a r a t u s  and equipment  shown on th e  s u b j e c t  a r e  de s ­
c r i b e d  in t h e  t e x t .
APPENDIX B
DEVELOPMENT OF TESTIKS PROCEDURE
In  t h e  d ev e lo p m en t  o f  t h e  t e s t i n g  p r o c e d u r e  u s e d  in  t h i s  
s t u d y ,  s e v e r a l  p ro b le m s  w e re  e n c o u n t e r e d .
In  p r e l i m i n a r y  t r i a l s  i t  was fo u n d  t h a t  t h e  s h o u l d e r s  o f  
most s u b j e c t s  w ere  n o t  tough  o r  s t r o n g  enough  t o  b e a r  t h e  p r e s s u r e  
d e v e lo p e d  a g a i n s t  them by t h e  o p p o s in g  f o r c e s  o f  t h e  s t a t i o n a r y  
s h o u l d e r  b a r s  and  t h e  c o n t r a c t i n g  m u s c l e s  o f  t h e  l e g s .  In o r d e r  
t o  a l l e v i a t e  t h i s  c o n d i t i o n ,  one  inch  o f  sponge  r u b b e r  was t a p e d  
t o  eac h  s h o u l d e r  b a r ,  and a  p a i r  o f  s t a n d a r d  f o o t b a l l  s h o u l d e r  
pads  w e re  p l a c e d  on  t h e  s h o u l d e r s  o f  t h e  s u b j e c t s  t o  s p r e a d  t h e  
p r e s s u r e  o v e r  a b r o a d e r  a r e a .  S t a n d a r d  b a t h  t o w e l s  a s  i s s u e d  t o  
e ac h  p h y s i c a l  e d u c a t i o n  a c t i v i t y  s t u d e n t  w ere  p l a c e d  on each  
s h o u l d e r  u n d e r  t h e  s h o u l d e r  pads  f o r  a d d i t i o n a l  p r e s s u r e  a b s o r p t i o n .  
When t h e  s h o u l d e r s  o f  t h e  s u b j e c t  were  b r o u g h t  I n t o  c o n t a c t  w i t h  
t h e  s h o u l d e r  b a r s ,  t h e r e  was o n e  Inch  o f  sponge  r u b b e r ,  a  p a i r  o f  
f o o t b a l l  s h o u l d e r  p a d s ,  and  a  b a t h  towel b e tw een  e a c h  s h o u l d e r  
and  th e  c r o s s  b a r s .  B ecause  o f  t h i s  c o m b i n a t i o n  o f  a b s o r b e n t s ,  
t h e  s u b j e c t  r e c e i v e d  a  minimum o f  p a in  o r  d i s c o m f o r t  from t h e  
p r e s s u r e  on  h i s  s h o u l d e r s .
Some s u b j e c t s  found  i t  d i f f i c u l t  t o  l e a r n  t h e  c o r r e c t  p o s i t i o n  
on  t h i s  a p p a r a t u s  and  w ere  d i s t u r b e d  by s o r e  b a c k s  r e s u l t i n g  f rom 
t o o  f o r c e f u l  an  e f f o r t  i n  a  m e c h a n i c a l l y  i n c o r r e c t  p o s i t i o n ,  t h e r e f o r e  
a s  a  t e a c h i n g  a i d ,  a  one  by s i x  wooden p l a n k  was p l a c e d  a g a i n s t  t h e
65
b a c k  p a r a l l e l  t o  t h e  s p i n a l  co lumn and was h e l d  In  p o s i t i o n  by a 
w ide  l e a t h e r  b e l t .  Most s u b j e c t s  f e l t  t h a t  t h e  p l a n k  and b e l t  
h e l p e d  them—  t h e  b e l t  t e n d e d  t o  r e l i e v e  t h e  p r e s s u r e  on t h e  lo w e r  
b a ck  and  th e  b o a r d  h e l p e d  t o  s t a b i l i z e  t h e  p o s i t i o n  o f  t h e  b a c k  
an d  p r e v e n t  I t  f rom bowing u n d e r  p r e s s u r e .  The c h i e f  v a l u e  o f  t h i s  
p l a n k  and b e l t  c o m b i n a t i o n  t o  t h e  e x p e r i m e n t e r  was t h a t  he  c o u l d  
u se  t h e  v e r t i c a l  p o s i t i o n  o f  t h e  p l a n k  t o  I n s t r u c t  t h e  s u b j e c t s  as  
t o  t h e  c o r r e c t n e s s  o f  t h e i r  b a c k  and  h i p  a l i g n m e n t .
Two b e l t s ,  two p l a n k s ,  and  an  ample  s u p p l y  o f  t o w e l s  w ere  
a v a i l a b l e  and e n a b l e d  one  s u b j e c t  t o  be  g e t t i n g  re a d y  w h i l e  a n o t h e r  
was b e in g  t e s t e d .  The t im e  r e q u i r e d  t o  t e s t  one s u b j e c t  was 
d e t e r m i n e d  by t h e  t im e  i t  t o o k  t h e  s u b j e c t  t o  p u t  on t h e  s h o u l d e r  
p a d s ,  s t e p  up on t h e  a p p a r a t u s ,  be  r a i s e d  t o  t h e  s t a n d a r d  e l e v a t i o n ,  
e x e c u t e  t h e  s i x - s e c o n d  e f f o r t ,  be  lo w ered  a g a i n ,  and  t h e n  d i s m o u n t  
from t h e  a p p a r a t u s .  T h i s  p r o c e d u r e  r e q u i r e d  a maximum o f  s i x t y  
sec o n d s  f o r  t h e  s l o w e r  s u b j e c t s  and ra n g e d  a l l  t h e  way down t o  
a p p r o x i m a t e l y  tw e n ty  s e c o n d s .
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FIGURE 2
ILLUSTRATION OF CORRECT TESTING POSITION ON TESTING APPARATUS
USED IN THE MEASUREMENT OF STRENGTH OF COLLEGE MEN
T h i s  p i c t u r e  shows a  s i d e  v iew  o f  t h e  t e s t i n g  a p p a r a t u s ,  and
t h e  p o s i t i o n  o f  t h e  s u b j e c t  when r e a d y  t o  b e  t e s t e d .  The p r e s s u r e
p r o d u c e d  by t h e  s u b j e c t ' s  e f f o r t s  t o  e x t e n d  h i s  l e g s  was r e g i s t e r e d  
on t h e  p r e s s u r e  g auge  l o c a t e d  on t h e  f l o o r  i n  f r o n t  o f  t h e  a p p a r a t u s .
A d e t a i l e d  d e s c r i p t i o n  o f  t h e  t e s t i n g  p o s i t i o n  and  t h e  d e v e lo p m en t





IMPROVEMENT SCORES OF SIX GROUPS QF COLLEGE MEN EMPLOYING ISOMETRIC 
AND ISOTONIC EXERCISES AT DIFFERENT FREQUENCIES PER WEEK
Method Sum and Mean f o r
F r e q u e n c y S u b j e c t I s o m e t r i c  I s o t o n i c F r e q u en cy














15 100 i 4 o
5 d ays  p e r  week: Sum 2210 2150 4360
Mean 1 ^ 7 .3 3  ... 143 .33 145 .33















3 d ays  p e r  week: Sum 1910 1950 3860
Mean 127 .33 130.00 128 .67
TABLE IV ( c o n t i n u e d )
6 9
Method Sum and Mean f o r
Frequency S u b l e c t I s o m e t r i c  I s o t o n i c Frequency












13 20 4 0
14 90 70
15 110 hO
2 days  p e r  week: Sum 1510 1210 2720
Sum f o r  method 
Mean f o r  method
1 0 0 .6 7  8 0 . 6 7   90 .67
5630 5310 109^
125.11 118.00  121.55
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TABLE V
THE INITIAL, FINAL AND IMPROVEMENT SCORES OF COLLEGE MEN
PARTICIPATING IN ISOMETRIC EXERCISES FIVE DAYS A WEEK
S u b j e c t I n i t i a l  S co re FI nal S c o re Improvement
1 420 610 1 90
2 450 600 150
3 540 720 180
k **00 630 230
5 380 510 130
6 450 590 140
7 400 500 100
8 540 670 130
9 500 600 f  100
10 450 610 160
11 500 720 220
12 800 9l+0 l4o
13 520 620 100
14 570 670 100









THE INITIAL, FINAL AND IMPROVEMENT SCORES OF COLLEGE MEN
PARTICIPATING IN ISOTONIC EXERCISES FIVE DAYS A WEEK
Sub j e c t I n i t i a l  S co re F in a l  Score Improvement
1 600 770 170
2 600 720 120
3 600 700 100
4 480 620 140
5 620 800 180
6 . 420 570 150
7 720 960 240
8 560 720 160
9 580 700 120
10 480 620 140
11 680 840 160
12 640 740 100
13 500 620 120
14 560 670 110
15 540 680 140
Sum 8580 10730 2150
Mean 572.00 715.33 143.33
72
TABLE V II
THE INITIAL, FINAL AND IMPROVEMENT SCORES OF COLLEGE MEN
PARTICIPATING IN ISOMETRIC EXERCISES THREE DAYS A WEEK
Sub f e e t I n i t i a l  S c o re F in a l  S co re Improvement
1 520 680 160
2 460 580 120
3 500 640 140
4 570 680 n o
5 550 640 90
6 400 560 160
7 570 660 90
8 550 . 640 90
9 580 780 200
10 570 680 110
11 600 710 110
12 650 820 170
13 550 700 ISO
14 540 630 90










TABLE V I [ I
THE INITIAL, FSNAL AND IMPROVEMENT SCORES OF COLLEGE MEN
PARTICIPATING IN ISOTONIC EXERCISES THREE DAYS A WEEK
S u b j e c t I n i t i a l  S c o r e F in a l  S core Improvement
1 580 680 100
2 650 780 130
3 600 690 90
4 ' 670 920 250
5 570 780 210
6 530 640 110
7 450 570 120
8 500 600 100
9 560 640 80
iO 46o 590 130
11 580 640 60
12 490 690 200
13 640 800 160
14 490 580 90
15 600 720 120
Sum 8370 10320 1950
Mean 55 8 .0 0 6 8 8 .0 0 130 .00
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TABLE IX
THE INITIAL, FINAL AND IMPROVEMENT SCORES OF COLLEGE MEN
PARTI CI PAT ING IN ISOMETR1C EXERCISES TWO DAYS A WEEK
S u b ) e c t I n i t i a l  S c o r e F in a l  S co re Improvement
1 500 650 150
2 580 710 130
3 480 590 110
4 540 700 160
5 550 750 200
6 570 610 4o
7 470 680 210
8 550 590 4o
9 530 650 120
10 500 540 40
11 460 500 40
12 570 620 50
13 580 600 20
14 440 530 90
15 480 590 110
Sum 7800 9310 1510
Mean 520 .00 6 2 0 .6 7 100.67
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TABLE X
THE INITIAL, FINAL AND IMPROVEMENT SCORES OF COLLEGE MEN
PARTICIPATING IN ISOTONIC EXERCISES TWO DAYS A WEEK
S u b i e c t I n i t i a l  S c o r e F in a l  S c o re Improvement
1 530 600 70
2 540 590 50
3 540 660 120
4 650 720 70
5 600 710 110
6 720 790 70
7 500 600 100
8 600 650 50
9 800 1000 200
10 560 670 110
11 600 690 90
12 540 560 20
13 610 650 40
14 530 600 70




5 8 6 .6 7
10010  1210 
66 7 .3 3  80.67
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